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N MAY, 1938, Whitby' reported that 2-(p-aminobenzenesulfonamido) 

pyridine (sulfapyridine*), was able to protect mice against a number 
of types of pneumococci. Since Whitby’s publication a number of 
authors have reported the use of this drug in the treatment of pneu- 
monia. While no attempt will be made to review the literature on this 
subject, a few of the reports will be mentioned. Telling and Oliver? 
reported the successful treatment of a case of massive pneumonia due 
to Type 3 pneumococci. Evans and Gaisford* reported that the mor- 
tality rate among 100 adults with lobar pneumonia treated with 
sulfapyridine was only 8 per cent as compared with 27 per cent in 100 
control eases. These authors stated in an addendum that they had 
also used the drug in 40 cases of pneumonia in children but did not give 
full results. Flippin and his associates* reported on the use of the drug 
in 100 adults with lobar pneumonia. Barnett and associates’ described 
the use of sulfapyridine in the treatment of various pneumococcic infec- 
tions in children. They reported 40 cases of pneumonia. All of their 
patients were proved by x-ray to have pulmonary consolidation, but no 
pneumococci were isolated from many of them. These authors concluded 
that their results were encouraging and recommended the use of the 
drug in pneumonia and other pneumococcic infections in children. 

The present communication describes 71 cases of pneumococcic 
pneumonia in children treated with sulfapyridine.t Thirty-three with 
primary pneumonia were from the Harriet Lane Home. The thirty- 


From the Harriet Lane Home of the Johns Hopkins Hospital, the Department of 
Pediatrics, Johns Hopkins University, School of Medicine, and the Sydenham Hospital, 
Baltimore City Health Department. 

*Sulfapyridine is the name which the Council on Pharmacy and Chemistry of the 
American Medical Association has recommended for 2-(p-aminob fonamido) 
pyridine. 

#The sulfapyridine used was obtained through Dr. Perrin Long by courtesy of 
ere = Company, Inc., Rahway, N. J., and Caleo Chemical Company, Inc., Bound 

rook, N. J. 
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eight remaining patients with pneumonia associated with measles were 
treated at the Sydenham Hospital. In each instance definite pulmonary 
consolidation was demonstrated by x-ray, and pneumococci which were 
identified by type-specific sera were obtained from the nasopharynx. 
No patients who fulfilled these requirements were excluded from this 
study. 

ISOLATION OF PNEUMOCOCCI 


It is very difficult to obtain pneumococci for typing from children. 
Either sputum is not produced, or it is swallowed before it can be 
collected. In our experience throat cultures have not been entirely 
satisfactory. Pneumococci obtained in this manner have frequently 
been of a different type from those obtained from blood, empyema 
fluid, and pus from the middle ear. We have had no experience with 
lung punctures as a method for obtaining pneumococci. 

Following the recommendation of Dr. Hattie Alexander,’ we have 
employed cultures from the nasopharynx to isolate pneumococci from 
the patients comprising this study. We cannot be certain that the 
pneumococci found in the nasopharynx of patients with pneumonia 
are the organisms causing the disease, but in our experience during 
the past two years pneumococci obtained by this method have almost 
always been of the same type as those cultured from blood, empyema 
fluid, pus from the middle ear, and cerebrospinal fluid. This leads us 
to believe that pneumococci obtained from the nasopharynx are of 
greater etiological significance than those isolated from the throat. 

The following technique is employed: A swab consisting of a small 
piece of cotton attached to the end of a flexible copper wire is inserted 
through the nose into the nasopharynx. The swab is then placed 
into 1 to 4 ¢.e. of ascitic fluid or blood broth and ineubated at 37° C. 
for four to twelve hours. Pneumocoeci grow rapidly during this 
period. Part of the fluid is used for typing directly by the Neufeld- 
Sabin technique while 0.5 ¢.c. of the remainder is injected intra- 
abdominally into an Albino Swiss mouse. After eight to twelve hours 
a smear of fluid from the peritoneal cavity is made. If organisms 
which resemble pneumococci morphologically are seen, an attempt 
is made to agglutinate them by type-specific sera or to produce ecap- 
sular swelling by the Neufeld-Sabin reaction. The types determined by 
the Neufeld-Sabin reaction and by agglutination have been identical 
in almost every instance. 


TYPES OF PNEUMOCOCCI ISOLATED 


In the Harriet Lane patients, all of whom had primary pneumonia, 
Type 14 was the organism most frequently isolated from the naso- 
pharynx in the younger age group, and Type 1 in the older age group. 
This is illustrated in Table I. Type 14 was obtained twelve times from 
children under the age of 2 years and twice from patients over that age. 
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Type 1 was seen once under the age of 2 years and eight times over 
that age. The following types, showing no special grouping accord- 
ing to age, were also obtained: 


Type 3 twice Type 11 twice 
4 - . twice 18 . —~ . twice 

29 . = omee 


In four eases two types of pneumococci were found, and in one ease 
three types. 

In the eases of pneumonia associated with measles, Type 14 was the 
organism most frequently isolated; it was found eleven times. Many 
other types, however, were also obtained. 


Type 2 twice Type 15 twice 
once 16 once 
twice 17 once 
twice 18 twice 
once 19 6 times 
twice 23 3 times 

29 twice 


Pneumococei were isolated from the blood in only of the 71 
patients. In each instance pneumococci of the same type were iso- 
lated from the nasopharynx. Pneumococci were cultured from the pus 
from the middle ear of 12 patients. Again in each case, pneumococci 
of the same type were isolated from the nasopharynx. These find- 
ings are in keeping with our previous experience regarding the close 
correlation between the type of pneumococci in the nasopharynx and 
those obtained from other sources. 


X-RAY FINDINGS AND PHYSICAL SIGNS 


X-ray films were taken soon after admission on all patients, and 
in almost all instances x-ray examinations were repeated at various 
intervals. In the patients at the Harriet Lane Home localized homog- 
enous consolidation was demonstrated in every case. Of the 38 pa- 
tients in the Sydenham Hospital, all of whom had pneumonia associ- 
ated with measles, 21 also showed this localized homogenous consolida- 
tion, while the remaining 17 had a patchy, more or less diffuse type of 
infiltration. 

The symptoms, physical signs, and leucocyte counts were those usu- 
ally encountered in patients with pneumonia and will not be discussed 
here. The actual clinical condition of each patient is indicated in 
Tables I and II. 


DOSAGE OF SULFAPYRIDINE 


All the patients in this study received sulfapyridine by mouth. 
The dose varied between 1.2 gm. and 6.0 gm. in twenty-four hours, 
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depending upon the age of the child. The dosage employed is similar 
to that used by Barnett and co-workers.’ The drug was given every 
six hours. In many instances the total twenty-four-hour dose was 
given at once on admission. The amount of the drug given in each 
case is noted in Tables I and II. In most cases the drug was con- 
tinued until the temperature had been normal from five to eight days. 
It was continued for a longer period when otitis media or infected 
pleural fluid was present. On the other hand, on a few occasions it 
was stopped because of unfavorable reactions. 

The concentration of free sulfapyridine was determined by a modifi- 
eation of Marshall’s method for sulfanilamide.6 These values varied 
over a wide range as can be seen in Tables I and II. 
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Chart 1.—Severely ill patient. Blood culture positive for Type 14 pneumococcus 
on admission and sterile on day after sulfapyridine was started. Sulfapyridine dosage, 
2.4 gm. daily. Clinical improvement accompanied drop in temperature. 
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CLINICAL COURSE FOLLOWING SULFAPYRIDINE 

Twelve of the patients were under 1 year; twenty-four were between 
the ages of 1 and 2 years; twenty were between the ages of 2 and 5 years; 
and fifteen were between the ages of 5 and 9 years. The clinical course 
following sulfapyridine was very similar in all age groups. 

All the patients from the Harriet Lane Home had primary pneumonia. 
Many of the patients with primary pneumonia entered the hospital 
after they had been ill as long as five or six days. It should be noted 
that in these patients, as well as in those with pneumonia associated 
with measles, recovery took place in approximately the same time re- 
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gardless of the duration of the illness before treatment. Chart 1 illus- 
trates the fall in temperature following sulfapyridine in an infant 
admitted on the sixth day of primary pneumonia; Type 14 pneumo- 
cocei were isolated from the nasopharynx and the blood stream. Chart 2 
is a similar record of a twenty-three-month-old infant who was only 
moderately ill but who was in the first day of the disease on admission. 
Chart 3 is a record of a 5-year-old white girl with Type 1 pneumonia, 
whose temperature became normal and who appeared well forty-eight 
hours after sulfapyridine was started. 
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Chart 2.—Moderately ill patient with sterile blood culture whose general improvement 
paralleled the drop in temperature. Sulfapyridine dosage, 2.4 gm. daily. 


The clinical improvement and fall in temperature following sulfa- 
pyridine occurred quite as strikingly in the patients with pneumonia 
associated with measles as in the cases of primary pneumonia. This is 
illustrated in Chart 4, which is the record of a critically ill 2-year-old 
infant with diffuse bilateral pneumonia associated with measles. Tem- 
perature fell abruptly after sulfapyridine, and the patient appeared 
greatly improved within twenty-four hours. Type 6 pneumococci were 
isolated from the nasopharynx and many beta hemolytic streptococci 
from the throat. 

As can be seen in Tables I and II, which summarize the data on all 
patients, the temperature became normal within thirty-six hours or forty- 
eight hours after sulfapyridine was begun in almost every case. Charts 
5 and 6, prepared by Dr. Thurber Fales, record the temperatures at 
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Chart 3.—Moderately ill patient with sterile blood culture. Marked improvement 
accompanied fall in temperature. Sulfapyridine dosage, 0.9 gm. immediately and 2.4 


gm. daily. 
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became normal. 


Chart 4.—Patient severely ill, with dyspnea and cyanosis. Dramatic improvement 
in twenty-four hours. 


Dyspnea continued for forty-eight hours after temperature 
Sulfapyridine dosage, 2.5 gm, immediately and 2.0 gm. daily. 
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at Average Temperature at Four Hour Intervals After 
tos* —+—| Beginning Sulfapyridine. Thirty-three Patients 
| with Primary Pneumonia, Harriet Iene Home, Baltimore. 


TEMPERATURE 
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four-hour intervals after the beginning of sulfapyridine therapy. Com- 
parison of these charts shows that the average fall in temperature in 
the two groups was quite similar. The average temperature became 
normal in patients with primary pneumonia in forty hours, while the 
average temperature curve in the measles pneumonia cases reached the 
normal line in about thirty hours. The slope of the curve in the measles 
patients is somewhat more abrupt, but this may be due to the fact that 
all patients with measles pneumonia received a large initial dose, while 
most of the children with primary pneumonia did not receive such a 
dose. It is realized, of course, that curves made up of average values 


Average Temperature at Four Hour Intervals After 
Beginning Sulfapyridine, Thirty-eight Patients 
a with Pneumonia Associated with Measles, Sydenham 
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may have little meaning, but the average values plotted on Charts 5 and 
6 are very close to the median values. This indicates that there were 
as many temperatures below the average figures recorded as there were 
above them. 

Coincident with the fall in temperature most of the patients showed 
great clinical improvement. However, a few of the children remained 
dyspneie and appeared ill for one or two days longer. Accurate evalu- 
ation of clinical improvement is difficult, but we are of the opinion 
that the course of the pneumonia was shortened by the use of sulfa- 
pyridine. This was especially striking in those patients with diffuse 
pneumonia associated with measles. Pneumonia of this type usually 
produces an illness of at least one or two weeks, but none of the patients 
receiving sulfapyridine remained ill more than 48 hours. 
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Chart 7.—Moderately ill patient. Much improved in forty-eight hours on sulfapy- 


ridine dosage of 2.0 gm. immediately and 1.2 gm. daily. Drug stopped on seventh day 
because of moderate ne utropenia. Thirty-six hours later temperature rose and 
patient again appeared sick. Responded to sulfapyridine without recurrence of neutro- 
penia. Recovery uneventful. 


The physical findings in the lungs usually persisted after the tem- 
perature had become normal. This was true also of the shadows seen on 
x-ray. It is our impression that the pneumonie consolidation did not 
disappear more rapidly in our patients than is usually the ease in echil- 
dren who spontaneously recover from pneumonia. 

On two oeceasions the withdrawal of the drug was followed by a sharp 
rise in temperature and a return of symptoms. In both cases the symp- 
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toms disappeared, and the temperature becanie normal very soon after 
the drug was begun again. Chart 7 illustrates a case in which recur- 
rence of symptoms and an abrupt rise in temperature followed the early 
withdrawal of sulfapyridine. The temperature fell and the symptoms 
disappeared promptly when the drug was again administered. 

Beta hemolytic streptococci (Lancefield, Group A) were cultured in 
large numbers from the throats of some of the patients in the measles 
group. These children recovered as promptly as those in whom very 
few or no streptococci were found. 

All 71 patients in this study recovered. 


COMPLICATIONS 


Purulent otitis media occurred three times in the group of patients 
with primary pneumonia. Two of these had otitis media on admission. 
The other developed this complication after sulfapyridine was stopped. 
In two of these cases the pneumococcus isolated was of the same type as 
that obtained from the nasopharynx. Purulent otitis media was present 
in fifteen patients of the measles group on admission, while one patient 
developed this condition after sulfapyridine was stopped. Pus from the 
middle ear of fourteen of these patients was cultured, and the pneumo- 
cocci of the same type as those in the nasopharynx were obtained in ten, 
while no pneumococci were isolated in the other four. 

None of the patients in this study developed empyema after the in- 
stitution of sulfapyridine therapy. However, one patient (E. M.), a 22- 
month-old colored infant, entered the hospital with empyema, pneumonia, 
and bacteremia due to Type 1 pneumococci. In the first six weeks after 
the development of empyema the child became febrile on several occa- 
sions after withdrawal of sulfapyridine. During this period a number 
of nasopharyngeal cultures yielded Type 1 pneumococci. X-ray films 
showed thickening of the pleura but no free fluid, and no pus could be 
obtained by thoracentesis. At present, eight weeks after admission, the 
child is receiving no sulfapyridine, is afebrile and appears entirely 
well. 

PERSISTENCE OF PNEUMOCOCCI IN NASOPHARYNX 

In the measles group an attempt was made to determine the effect 
of sulfapyridine on the presence of pneumococci in the nasopharynx. 
Cultures were taken one or more times from 25 patients while they were 
receiving the drug. In 6 of these were pneumococci isolated. Cultures 
were also made on 23 of these patients, at least two days after sulfa- 
pyridine was stopped. In 12 of these pneumococci were found. It seems 
evident that patients recovering from pneumonia after sulfapyridine 
therapy may still harbor pneumococci in the nasopharynx. It is pos- 
sible that this may have some bearing upon the occurrence of relapses. 
In our series 4 children developed a second attack of pneumonia within 
two weeks after sulfapyridine had been discontinued. In 3 of these 
patients the relapse was apparently caused by the same organism which 
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was responsible for the first attack. In all but one of these children the 
pneumonia occurred in the same place during both episodes. 

We have encountered three instances in which pneumococci from one 
patient were transferred to an adjacent child whose original pneumo- 
cocci had disappeared. This transfer was followed by an upper respira- 
tory infection in these children who were not at that time receiving 
sulfapyridine. Chart 8 summarizes the findings in one of these patients 
who experienced such a superimposed infection. 


UNTOWARD EFFECTS 


Mild anorexia oceurred in many of the patients, and nausea and vom- 
iting in a few. Seldom were these symptoms sufficiently severe to neces- 
sitate stopping the drug. 
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Chart 8.—Moderately sick patient. Prompt improvement following sulfapyridine 
which was discontinued on the fifteenth day. Forty-eight hours later temperature 
rose to 104.8° F. due to sinusitis and otitis caused by Type 19 pneumococcus. 
Myringotomy was done and sulfapyridine begun. Li gy x returned to normal. 
Probably cross infection from patient in next bed (J. H.) <P had Type 19 pneu- 
monia. Sulfapyridine dosage, 1.5 gm. immediately and 2.0 gm. daily. 


Granulocytopenia occurred in a mild form 5 times and in a more se- 
vere form once. All these patients recovered promptly when the drug 
was withdrawn. In one of these children the granulocytopenia occurred 
while a second course of the drug was being given. In two of the other 
patients sulfapyridine was given again after recovery, without ap- 
preciable decrease in granulocytes. Frequent hemoglobin determina- 
tions were made, but significant changes were not noted. 
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Gross hematuria was seen in two patients in this study and has been 
noted by us in two other cases receiving sulfapyridine by mouth. In 
all instances the urine became clear within a few days after the drug 
was stopped. Hematuria was also noted in one patient who had received 
sulfapyridine by mouth and the sodium salt of sulfapyridine intra- 
venously. Addis counts and kidney function tests have revealed no 
permanent renal damage following the hematuria. 

Cyanosis has been seen only rarely, and we are certain that in only 
one case was it caused by the drug and not by the pneumonia. 

A morbilliform rash on the face, trunk, and extremities, accompanied 
by fever and vomiting, was observed in one case. These symptoms dis- 
appeared within eight hours after withdrawal of sulfapyridine. 

It is possible that these reactions might be avoided by the use of 
smaller doses. Further experience may show that the dosage used by us 
is larger than that necessary to produce effective therapeutic results. 


COMMENT 


Type-specific horse and rabbit sera have been used in the treatment 
of pneumococcic pneumonia in children on the wards of the Harriet 
Lane Home. The results have been good and in some eases striking. 
This form of therapy has; however, certain disadvantages when used 
on children. The type of pneumococcus must be determined before 
serum can be given, and difficulties in typing may cause serious delay 
in starting therapy. Sometimes more than one type of pneumococcus 
is found in a patient and it is impossible to be certain which organism 
is causing the pneumonia. Serious serum reactions are infrequent, but 
they do oceur occasionally despite all precautions. The child who re- 
ceives serum may become sensitive to the serum of the animal used. 
Many of our patients are too young to be cooperative and are greatly 
disturbed by serum administration. The cost of treating a patient with 
serum is much greater than it is with sulfapyridine. In our experience 
the mortality rate for acute primary pneumonia in infants and children 
is very low, and the use of a specific form of therapy which has disad- 
vantages, although not great ones, may be questionable. 

However, pneumonia in children is sufficiently serious to ‘justify the 
search for some effective therapeutic agent. This is particularly true 
in pneumonia accompanying measles and pertussis. Our experience 
leads us to believe that sulfapyridine is effective in both primary pneu- 
monia and in the pneumonia associated with measles. In nearly every 
ease the administration of sulfapyridine was followed within forty-eight 
hours by a fall in temperature to normal and by prompt improvement, 
and none of the 71 patients died. 

It was our impression that these patients were not so severely ill as 
those seen in previous years. This impression is substantiated by the 
fact that positive blood cultures were obtained in only 3 cases in the 
Harriet Lane group. However, 5 of these patients were severely ill 
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SYDENHAM HOoOsPITAL (PNEUMONIA 


TABLE 


OF FEVER CULTURES 
NAME, CLINICAL AFTER 
scr, "| | | suura: | 
COLOR, | SULFA- FINDINGS NASOPHARYNX 
eax PYRIDINE | BEGUN 
PYRIDINE (NORMAL 
BEGUN, 99.2° R. ) BEFORE DURING AFTER 
DAYS HOURS SULFAP. | SULFAP. | SULFAP. 
T.G. 1 Severely ill.|1.5 gm. 60 Admission: 11 11 
4 mo. Dyspnea. stat. Bilateral 
-M. T. 102.2. | 0.25 gm. patchy 
q-. 6h. pneumonia. 
12 days 
later nor- 
mal, 
M.M 2 Moderately |2.0 gm. 28 | Admission: 14 =| Not done | Not done 
6 mo. ill. Moder-| stat. Patehy dif- 
W.F. ate dysp- [0.5 gm. fuse pneu- 
nea. Oti- | q. 6 h. monia. 4 
tis media. days later 
T. 104 clearing 
M.McK. 1 Critically ill. 2.0 gm. 16 | Admission: 19 Neg. 19 
9 mo. Marked stat. Patchy 
W.F. dyspnea gm. pneumonia. 
Otitis me- | q. 6h. 10 days 
TF. later nor- 
105 mal. 
N.H. 1 Critically ill.|2.0 gm. 72 ~=—| Admission: 23 Not done | Neg. 
11 mo. Cyanosis. stat. Diffuse 
W.M. Great dysp-|0.5 gm. pneumonia 
nea. Oti- | q. 6 h. (intersti- 
tis media. tial). 1 
T. 102.8 month later 
unresolved 


mal 


Severely ill. Admission : 
Moderate | stat. (see Homoge- 
W.M. dyspnea. T.|0.25 gm. sum- nous den- 
103.4 q. 6 h. mary sity, right 
0.5 gm. lower lobe. 
q. 6h. 9 days 
later nor- 
mal 
J.W. 1 Moderately | 2.0 gm. | Admission: 29 Neg. Not done 
12 mo. il. = T. stat. Diffuse 
C.M. 102 0.5 gm. patchy 
6h pneumonia. 
3 days later 
clearing 
J.O. 3 Severely ill. |2.0 gm. 24 Admission : 14 —_ | Not done | Not done 
13 mo. Moderate stat. Homoge- 
W.F. dyspnea. (0.5 gm. nous den- 
Cyanosis. | q. 6 h. sity, right 
T. 102.8 upper lobe. 
8 days 
later nor- 
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ASSOCIATED WITH MEASLES) 


HODES ET AL.: 


SULFAPYRIDINE 


PNEUMOCOCCI TYPE 


‘Sterile 


THROAT 
CULTURE 


SULFAP. 


SUMMARY OF CLINICAL COURSE 


Not done 


Remained ill for 36 hours. Improvement 
thereafter fairly rapid although tempera- 
ture did not become normal until 60 hours 
after sulfapyridine. Uneventful conva- 
lescence thereafter. 


Sterile 


Both type 14 pneumo. and beta strept. iso- 
lated, prompt recovery within 24 hours 
after sulfapyridine. Drainage from mid- 
dle ear ceased 2 days after sulfapyridine. 


Sterile 


Temperature normal 12 hours after sulfapy- 

ridine, and remained so 9 days when drug 
stopped because of granulocytopenia. 2nd 
rise in temperature followed; again re- 
duced to normal by drug. No recurrence 
of granulocytopenia. 


Sterile 


“Sterile 


Improvement slow. Temperature normal 72 

hours after sulfapyridine. Convalescence 
uneventful. X-ray clearing at time of dis- 
charge. Re-admitted 2 weeks later with 
temperature of 103.8 and recurrence of 
symptoms. Unresolved pneumonia still 
present. Type 2 pneumococcus isolated 
from nasopharynx. Temperature became 
normal 20 hours after sulfapyridine. Nor- 
mal convalescence. 


Definite and rapid improvement in general 
condition within 24 hours. However, tem- 
perature rose gradually after initial fall, 
probably due to small dose. Increase in 
dosage followed by prompt fall in tempera- 
ture within 18 hours. 


‘Sterile 


Appeared entirely well within 24 hours after 
sulfapyridine. Uneventful convalescence. 


Within 24 hours after sulfapyridine child 
sitting up in bed entirely well. 
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TAPLE 


DURATION 
op PuRU- OF FEVER CULTURES FOR 
NAME, | MONIA 
AGE, | BEFORE | CONDITION | DOSE OF | SULFA- x-naY = 
coon, BEFORE SULFA- | PYRIDINE! NASOPHARYNX 
sex |PyRipine| _SULPA- PYRIDINE | BEGUN 
PYRIDINE (NORMAL — 
BEGUN, 99.2° R.) BEFORE | DURING | AFTER 
DAYS HOURS SULFAP. | SULFAP. | SULFAP. 
GS. 3 Moderately | 1.0 gm. 24 ~=—| Admission: | Neg. 3 
13 mo. ill. Moder-| stat. Homoge- 
W.M. ate dysp- {0.3 gm. nous den- 
nea. T. q. 6 h. sity, right 
104 upper lobe. 
10 days 
later nor- 
mal. 
S.M. 2 Moderately |2.0 gm. 28 =| Admission: 14 Neg. Neg. 
13 mo. ill. Moder-| stat. Homoge- 
W.F. ate dysp- /0.5 gm. nous der- 
nea. T. 6h. sity, left 
105 lower lobe. 
8 days later 
normal. 
A.W. 1 Moderately |2.0 gm. 24 |Admission: 23 Neg. Neg. for 
14 mo. ill. T. 104 | stat. Homoge- 23. Pos. 
W.M. 0.5 gm. nous den- for 14. 
q-. 6 h. sity, right (See 
lower lobe. text) 
4 days later 
normal. 
LR. 2 Moderately /|2.5 gm. 22 ~—s'| Admission: 19 Neg. Neg. 
16 mo. ill. Otitis | stat. Homoge- 
C.F. media. T. | 0.5 gm. nous den- 
102 q- 6 h. sity, right 
upper lobe. 
12 days lat- 
— er normal. 
A.P. 1 Severely ill.) 2.0 30 |Admission: 14 14 14 
18 mo. Lethargic. | stat. Patchy 
W.F. Dyspnea. 0.5 gm. pneumonia, 
T. 103.4 q. 6 h. left lung. 
13 days 
later nor- 
mal 
Critically ill,| 2.0 gm. 24 | Admission: 14 | Neg. 14 
Moderate | stat. Homoge- (still 1 
W.F. dyspnea. 0.5 gm. nous den- mo. 
T. 105 q-. 6 h. sity, right after 
upper lobe. admis 
7 days later sion) 
normal, 
Moderately | 2.0 gm. 32 Admission: 11 Neg. Not done 
3 ill. Slight | stat. Homoge- 
W.M dyspnea. T.|0.5 gm. nous den- 
102.8 q. 6 h. sity, left 
lower lobe. 
7 days later 
normal. 
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HODES ET AL.: SULFAPYRIDINE 


II—ConT’D 


PNEUMOCOCCI TYPE 

THROAT 

CULTURE 
FOR SUMMARY OF CLINICAL COURSE 
BETA 

STREPT. 


SULFAP. 


Sterile Few i Within 24 hours after sulfapyridine child 
appeared well and temperature normal. 
Uneventful convalescence. 


Not done a Not done| Granulo- | Following complete recovery from primary 
cyto- pneumonia of right upper lobe (Type 14), 
penia treated with sulfapyridine, patient con- 
tracted measles. Coincident with rash pri- 
mary pneumonia of left lower lobe (Type 
14), developed. Again prompt recovery 
from sulfapyridine. 

Sterile < Mild pneumonia due to Type 23 pneumo- 
coceus. Prompt recovery and uneventful 
convalescence. After sulfapyridine stopped 
Type 14 pneumococcus cultured from naso- 
pharynx. This organism had caused pneu- 
monia of patient (A. P.) in next bed. 


Sterile | Not done Rapid improvement and uneventful conva- 
lescence following sulfapyridine. 


‘Sterile . t Child’s temperature normal, sitting up in 
bed, alert and well 24 hours after sulfapy- 
ridine. 


Sterile 7 . Dramatic improvement 24 hours after sul- 
fapyridine. Drug discontinued after 2 
days, due to granulocytopenia. 13 days 
later sinusitis and cervical adenitis .de- 
veloped with temperature 105. No pneu- 
monia on x-ray. Sulfapyridine begun 
again; temperature normal within 24 hours. 
Uneventful convalescence. No recurrence 
of granulocytopenia. Type 14 pneumococ- 
eus in nasopharynx 30 days after admis- 
sion. 

Only moderately ill on admission. Effect of 
sulfapyridine difficult to estimate. 
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TABLE 


DURATION 
OF PNEU- 


MONIA 


BEFORE 


SULFA- 


PYRIDINE 
BEGUN, 


DAYS 


CLINICAL 
CONDITION 
BEFORE 
SULFA- 
PYRIDINE 


DOSE OF 
SULFA- 
PYRIDINE 


HOURS 


DURATION 


(NORMAL 
99.2° R. 


X-RAY 
FINDINGS 


) 


CULTURES FOR 


NASOPHARYNX 


BEFORE 
SULFAP. 


DURING 
SULFAP. 


AFTER 
SULFAP. 


1 


Severely ill. 
Moderate 
dyspnea, 
T. 103 


16 


Admission: 
Homoge- 
nous den- 
sity, right 
upper lobe. 
4 days later 
normal. 


19 Not done | Not done 


Undernour- 
ished child. 
Moderately 
ill. Slight 
dyspnea, 
T. 102.4 


Admission : 
Bilateral 
patchy 


8 days 
later nor- 
mal. 


pneumonia.| 


Severely ill. 
Cyanosis. 
Dyspnea. 
Otitis me- 
dia. T. 
103.6 


Admission : 
Diffuse 
patchy 
pneumonia. 
7 days later 
clearing 


Not done 


Critically ill. 
Marked 
dyspnea. 
Otitis me- 
dia. T. 104 


Admission : 
Patchy 

pneumonia, 
right lung. 
8 days later 
normal 


Moderately 
ill. Otitis 
media. T. 
103.6 


Admission: 
Patchy 
pneumonia, 
right lung. 
10 days 
later nor- 
mal 


Critically ill. 
Very cya- 
notie and 
dyspneic. 
T. 103.6 


Admission: 
Diffuse 
patchy 
pneumonia. 
5 days 
later nor- 
mal 


Not done | Not done 


Critically ill. 
Very dysp- 
neice. Otitis 
media. T. 
104 


Admission : 
Bilateral 
patchy 
pneumonia. 
7 days 
later nor- 


mal 


Not done | Not done 
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II- 
OP FEVER PN 
| AFTER 
COLOR, | = 
— 
G.R. 2.0 gm. St 
19 mo. stat. 
| W.M. 0.5 gm. 
q. 6h. 
| 
1 2.0 om. ‘| 17 | Neg. Neg. ‘St 
20 mo. stat. 
| C.F. 0.5 gm. 
q. 6 h. 
E.F. 1 1.0 gm. 2 ll m 8623 Neg. St 
21 mo. stat. 
W.F. 0.5 gm. 
| q- 6 h. 
B.L.M. 2 2.0 gm. Neg. 16 St 
22 mo. stat. 
| W.F. 0.25 gm. 
q. 6 h. 
M.P. 1 gm. 16 6 | Neg. Neg. ‘Bt 
2 yr. | stat. 
W.F. 0.5 gm. 
q. 6 h. 
WL | 3 gm | 22 St 
2 yr. stat. 
W.M. 0.5 gm. 
| q- 6 h. 
MMcc. 1 1.5 gm. 16 ‘St 
2 yr. stat. 
W.F. 0.4 gm. 
| q. 6 h. 


HODES ET AL.: SULFAPYRIDINE 


II—ContT 


PNEUMOCOCCI TYPE 
THROAT 
CULTURE 

FOR SUMMARY OF CLINICAL COURSE 


SULFAP. 


Sterile J Prompt and striking recovery in less than 
24 hours after sulfapyridine. 


Sterile Improvement after sulfapyridine not strik- 
ing because child was not very ill before 
treatment. 


Sterile Rapid improvement after sulfapyridine and 
oxygen. Temperature normal within 24 
hours but dyspnea remained for 24 hours 
longer. 


Temperature normal and child greatly im- 
proved 24 hours after sulfapyridine. 


Sterile \s Rapid fall in temperature. Uneventful con- 
valescence following sulfapyridine. 


Sterile a Remarkable improvement following sulfapy- 
ridine and oxygen. Within 24 hours tem- 
perature normal, Child no longer critically 
ill. Moderate dyspnea continued 24 hours 
longer. Probably mixed pneumococcus and 
streptococcus pneumonia. 


Sterile . Temperature normal 24 hours after sulfapy- 
ridine begun and respirations decreased 
from 60 on admission to 20 next day. Un- 
eventful convalescence. 
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— BLOOD EAR STREPT. 
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THE JOURNAL 


OF PEDIATRICS 


TABLE 


DURATION 
OF PNEU- 
MONIA 
BEFORE 
SULFA- 
PYRIDINE 
BEGUN, 
DAYS 


CLINICAL 
CONDITION 
BEFORE 
SULFA- 
PYRIDINE 


DURATION 


PYRIDINE 
BEGUN 
(NORMAL 
99.2° RB.) 
HOURS 


X-RAY 
FINDINGS 


CULTURES FOR 


NASOPHARYNX 


BEFORE DURING AFTER 
SULFAP. | SULFAP. | SULFAP. 


3 


Severely ill. 
Dyspnea. 
Cyanosis. 
Otitis me- 
dia. T. 104 


16 


Admission: 
Homoge- 
nous den- 
sity, right 


upper lobe. 


7 days 
later nor- 
mal 


14 Not done | Not done 


Severely ill. 
Cyanosis. 
Dyspnea. 
T. 102.6 


Admission: 
Homoge- 
nous den- 
sity, right 
upper lobe. 
8 days 
later nor- 
mal 


Not done 


Moderately 
ill. Dysp- 
nea. Men- 
ingismus, 
Otitis me- 
dia. T. 
105.4 


Admission : 
Homoge- 
nous densi- 
ty, left 
lower lobe. 
5 days 
later nor- 
mal 


Moderately 
ill. Dysp- 
nea. T. 
103.2 


Admission: 
Homoge- 
nous densi- 
ty, right 
lower lobe. 
4 days 
later nor- 
mal 


Not done | Not done 


Admission: 
Homoge- 
nous densi- 
ty, right 
lower lobe. 
10 days 
later nor- 
mal 


Moderately 
ill. Moder- 
ate dysp- 
nea. T. 
104.6 


Admission: 
Diffuse 
patchy 
pneumonia. 
3 days 
later clear- 


ing 


Not done 
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il— 
| OF FEVER 
AFTER 
NAME, 
DOSE OF SULFA- 
Pra SULFA- | 
7M. | 2.0 gm. ‘Bte 
2 yr. stat. 
W.F. 0.5 gm. 
q- 6 h. 
TR. 1 |2.0 gm. | Ne. ‘Ste 
2 yr. stat. 
W.M. 0.5 gm. 
6 h. 
D.S. 1 | 2.0 gm. 24 14 Neg. Neg. ‘Ste 
2 yr. stat. 
WF. (0.5 gm. 
| q. 6h. 
DB. |3.0 gm. “Ste 
2% yr. stat. 
W.F. 0.5 gm. 
q- 6 h. | 
3 |Moderately |1.5 gm. —2—|Neg. | Neg. for 
2% yr. ill. Dysp- | stat. 2. Pos. 
W.M. nea. T. 0.5 gm. for 19 
104.2 q. 6 h. | 
A.B. ; |) is | — 
2% yr. stat. 
W.M. 0.5 gm. 
| q-. 6 h. 
| = 


’D 


HODES ET AL.: 


SULFAPYRIDINE 


PNEUMOCOCCI TYPE 


THROAT 
CULTURE 
FOR 
BETA 
STREPT._ 


SUMMARY OF CLINICAL COURSE 


Sterile 


Few 


Temperature normal. Dyspnea and cyanosis 
gone within 24 hours after sulfapyridine. 


Temperature normal within 24 hours after 
sulfapyridine but dyspnea still present 24 
hours longer, and child still appeared ill 
during this time. Thereafter, seemed well 
and convalescence uneventful. 


Sterile 


Temperature normal and child appeared well 
within 24 hours after sulfapyridine. Con- 
valescence uneventful. 


Sterile 


Temperature normal and child more alert 
within 24 hours. Convalescence uneventful. 


‘Sterile 


‘Sterile 


Type 2 pneumococcus in nasopharynx. Tem- 

perature normal within 24 hours after 
sulfapyridine. Sulfapyridine discontinued 
in 11 days. 48 hours later temperature 
rose to 104.8. Right myringotomy done and 
sulfapyridine begun. Temperature re- 
turned to normal in 16 hours. Type 19 
pneumococeus cultured from nasopharynx 
and ear—same type as patient (J.H.) in 
next bed. Uneventful convalescence. 


Temperature normal, dyspnea less and gen- 

eral improvement within 24 hours after 
sulfapyridine. Temporary  granulocyto- 
penia 6 days after admission. 
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TABLE 


DURATION DURATION 


OF PNEU- 
MONIA 
BEFORE 
SULFA- 

PYRIDINE 
BEGUN, 

DAYS 


CULTURES FOR 


DOSE OF 
SULFA- 
PYRIDINE 


X-RAY 


FINDINGS NASOPHARYNX 


(NORMAL 
99.2° R.) 
HOURS 


DURING AFTER 
SULFAP. | SULFAP. 


Not done | Not done 


BEFORE 
SULFAP. 


Admission : 2 


ill. Respi- 
rations ac- 
celerated. 
Otitis me- 
dia. T. 105 


2 Moderately 3 32 


Homoge- 


nous densi-| 


ty. 


Moderately 
ill. Slight 
dyspnea. T. 
103.6 


Admission: 
Homoge- 
nous densi- 
ty, left 
lower lobe. 
12 days 
later nor- 
mal 


Moderately 
ill. Only 
slight 
dyspnea. 

T. 104.2 


Admission : 
Homoge- 
nous densi- 
ty, right 
upper lobe. 
3 days 
later nor- 
mal 


Severely ill. 
Moderate 
dyspnea. 
Bilateral 
otitis me- 
dia. T. 104 


Admission: 
Patchy 


pneumonia,| 


bilateral. 
10 days 
later nor- 
mal 


Critically ill. 
Delirious. 
Otitis me- 
dia. T. 
104.6 


Admission: 
Homoge- 
nous densi- 
ty, left 
lower lobe. 
7 days 
later nor- 
mal 


Not done | Not done 


Critically ill. 
Extreme 
dyspnea 
and cyano- 
sis. Placed 
in oxygen. 
T. 105 


Admission: 
Very exten- 
sive diffuse 
patchy 
pneumonia. 
19 days 
later nor- 
mal 


Ste 
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| 
| PNE 
CLINICAL AFTER 
BEFORE PYRIDINE 
SEX SULFA- BEGUN 
PYRIDINE | | BL 
J.B. ia “Ste 
3 yr. stat. | 
W.M. 0.6 gm. 
q- 6 h. |_| 
S.S. 1 |3.0 gm. 24 19 Neg. Neg. Not 
3 yr. stat. 
W.F. 0.75 gm. 
q-. 6 h. 
| | 
J.T. 3 2.5 gm. 20 |Neg. 14 Neg. Ste 
c 4 yr. stat. 
W.F. 0.25 gm. 
6 h. 
2 gm. | 18 is |Neg. = 
| 4 yr. | stat. 
W.M. 0.5 gm. 
D.DeH.| 1 gm. 36 6 w 
4 yr. stat. 
W.M. 0.5 gm. 
| q: 6 h. | 
R.P. 1 4.0 gm. 28 | | 29 | Neg. Neg. for Ste: 
5 yr. stat. 29. Pos. 
F W.M. 0.75 gm. | for 8 
q. 6 h. 


II—Cont’pD 


HODES ET AL.: 


SULFAPYRIDINE 


PNEUMOCOCCI TYPE 


SUMMARY OF CLINICAL COURSE 


Sterile 


None 


Temperature normal and patient improved 


about 24 hours after admission. Drainage 
from middle ear 4 days. Uneventful con- 
valescence. 


Not done 


Neg. 


6.6 


None 


~| Temperature normal within 24 hours after 
sulfapyridine. Uneventful convalescence. 


Sterile 


Sterile -- Few Not done|Granulo- | Appeared more alert and seemed entirely 
cyto- well 24 hours after sulfapyridine. Granu- 
penia locytopenia on 7th day of sulfapyridine 


but disappeared when drug discontinued. 


Neg. 


Few 


7.8 


None 


Temperature normal and greatly improved 


24 hours after sulfapyridine. Middle ear 
drained 6 days. Uneventful convalescence. 


‘Sterile 


Not done 


5.1 


None 


Striking improvement after sulfapyridine. 


Within 36 hours child appeared completely 
well. 


Neg. 


10.2 


None 


Temperature fell from 105 to normal in 24 
hours after sulfapyridine. At that time ap- 


48 hours longer. Pneumonia due to Type 


ridine discontinued developed upper respir- 
atory infection and Type 8 pneumococcus 


peared out of danger but dyspnea present 


29 pneumococeus. Three days after sulfapy- 


found in nasopharynx. Child in next bed 
(G.L.) had pneumonia due to Type 8 pneu- 
mococcus. Uneventful convalescence from 
respiratory infection. 
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TABLE 


DURATION 
OF PNEU-| CLINICAL 
CONDITION | DOSE OF | SULFA- 
coven, | sULPA- BEFORE SULFA- | PYRIDINE) NASOPHARYNX 
SEX PYRIDINE| _SULPA- PYRIDINE | BEGUN 
BEFORE | DURING | AFT 
99.2° R. ER 
DAYS errno SULFAP. | SULFAP. | SULFAP. 
G.L. 1 Moderately | 3.0 gm. 32 Admission: 8 8 8 
5 yr. ill. Otitis | stat. Homoge- 
W.M. media. T. |0.75 gm. nous densi- 
104.2 q. 6 h. ty, right 
upper lobe. 
10 days 
later nor- 
mal 
N.L 1 Moderately | 4.0 gm. 12 Admission: 4 | Not done 4 
7 yr ill. Otitis | stat. Homoge- and 
W.F media. T. |1.0 gm. nous densi- 3 
104.2 q- 6 h. ty, left 
lower lobe. 
6 days 
later nor- 
mal 


Critically ill.) 4.0 gm. 20 | Admission: 19 Neg. 19 
Marked stat. Bilateral 
dyspnea 1.0 gm. patchy 
and cyano-| q. 6 h. pneumonia. 
sis. Placed 10 days 
in oxygen. later nor- 
Otitis me- mal 
dia. T. 
102.4 
B.L. 3 Moderately | 2.0 gm. 32 Admission: 19 Not done | Neg. 
8 yr. ill. T. 102.6) stat. Bilateral 
W.F. 0.75 gm. patchy 
6h. pneumonia. 
5 days 
later nor- 
mal 
M.O. 1 Moderately | 3.0 gm. 16 Admission: 4 Not done | Not done 
8 yr. ill. Slight | stat. Homoge- 
W.F. dyspnea. T.|0.5 gm. nous densi- 
105 q. 6 h. ty, left 
lower lobe. 
10 days 
later nor- 


mal 
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1I—Cont’D 


PNEUMOCOCCI TYPE CONCEN. 
THROAT | SULFAP. 
CULTURE IN 
‘FOR BLOOD SUMMARY OF CLINICAL COURSE 
BETA (3RD 
STREPT. DAY 


MG. %) 


Sterile Neg. 6.4 Prompt fall in temperature after sulfapy- 
ridine. Otitis media subsided without drain- 
age. Uneventful convalescence. 


SULFAP. 


Sterile i Rapid fall in temperature following sulfapy- 
ridine. Drug stopped after 2 days because 
of gross hematuria which cleared rapidly. 
2 days after drug discontinued, micro- 
scopic examination of urine negative but 
Addis counts showed increased red cells 
until 10 days later. PSP showed decreased 
kidney function until 12 days after onset 
of hematuria. Had acute nephritis after 
searlet fever 1 year ago. 

Sterile Probably mixed pneumococeus and strepto- 
coceus pneumonia. Temperature became 
normal abruptly but no dramatic change 
in dyspnea, cyanosis, or general condition. 
Gradual definite improvement during first 
48 hours. Middle ear drained 10 days. Un- 
eventful convalescence. 


‘Sterile : Child scarcely ill on admission. Uneventful 
convalescence. 


Not done Extremely rapid fall in temperature from 
105 to normal in 12 hours. Child not very 
ill on admission. Uneventful convalescence. 


| | | | 
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on admission. Most of the patients at the Sydenham Hospital, like 
those at the Harriet Lane Home, were not critically ill on admission. 
There were 8 patients, however, who were desperately ill when they 
entered the hospital. 

The possible ill effects of the drug must always be kept in mind; 
hematuria, granulocytopenia, and anemia are the most usual toxic 
manifestations. We believe that leucocyte counts, hemoglobin determina- 
tions, and urine examinations should be carried out at least every other 
day on all patients receiving the drug in order to detect the development 
of these untoward effects as early as possible. Thus far, in our ex- 
perience, the ill effects of the drug have been only temporary and not 
sufficiently serious to make its general use in pneumonia seem unwise. 
However, this belief may prove to be erroneous when greater experience 
with the drug is gained. Data on this point must be carefully gathered 
before a true evaluation of the usefulness of sulfapyridine in pneumonia 
ean be made. 

SUMMARY 


Seventy-one patients proved to have pneumonia by x-rays were treated 
with sulfapyridine. Typable pneumococci were isolated from the naso- 
pharynx in each instance. 

Thirty-three of these patients had primary pneumonia. In 38 of them 


the pneumonia was associated with measles. 

All the patients recovered. In nearly every case the temperature 
became normal and definite improvement took place within en 
hours after institution of treatment. 

The method of administration of the drug is described wl certain 


untoward effects are mentioned. 
The presence of pneumococci in the nasopharynx of a number of pa- 
tients after the withdrawal of sulfapyridine was noted. 
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BLOOD STUDIES OF VITAMIN C DURING PREGNANCY, 
BIRTH, AND EARLY INFANCY 


CuHarues E. SNELLING, M.B., H. Jackson, Px.D. 
ToronTO, ONT. 


Part I (S. H. Jackson, Pu.D.) 


ONSIDERABLE investigation has been made lately of the errors 

inherent in the determination of ascorbic acid in blood and urine, 
and as a result of these investigations it has been shown that a large 
proportion of previously published results are valueless, either because 
of failure to report the method of analysis and the precautions taken 
to limit the chance of error, or through lack of proper control of the 
conditions of analysis. In the first section of this paper we accord- 
ingly report the method of analysis used to determine the ascorbic 
acid content of the blood specimens and the steps we took to insure 
the reliability of our results. 

Rosen and Evelyn! have outlined the principles of a method for the 
determination of ascorbic acid using the Evelyn photoelectric colorim- 
eter.2. Mindlin and Butler® have recently published a method for 
the determination of ascorbic acid in plasma on these principles. They 
employed the Evelyn photoelectric colorimeter. The method was first 
described to us in a personal communication from Evelyn. We made 
two minor changes in the strength and amount of reagents used, but 
it was essentially the same as that described by Mindlin and Butler. 
A few additional precautions in collection and preparation of the 
blood specimens were taken, with greatly increased reliability of the 
results produced. 

Blood specimens of approximately 5 ml. were collected in the pres- 
ence of 1 mg. of potassium cyanide and 2 mg. of potassium oxalate, 
shaken, and immediately placed in ice water. They were kept at 0° C. 
until they could be analyzed, in no case more than one hour after 
collection. In this way the loss by oxidation of the ascorbic acid was 
reduced to a maximum of less than 10 per cent. Without the pre- 
caution of cooling the specimen, as much as 50 per cent of the ascorbic 
acid could be lost in the first hour after collection of the sample. 
Arthur Abt* has questioned the advisability of adding cyanide to the 
blood specimen. He claims that it does not prevent oxidation of the 
ascorbic acid and that it introduces a reducing substance that in- 
creases the apparent ascorbic acid content of the blood. We have no 
personal data on the effect of cyanide on the rate of oxidation of 


Read at the Sixteenth Annual Meeting of the Canadian Society for the Study of 
Diseases of Children, Kingston, Ontario, June 3 and 4, 1938. 

From the Department of Pediatrics, University of Toronto and the Hospital for Sick 
Children, under the direction of Alan Brown, M.D., F.R.C.P. (C.). 
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ascorbic acid in blood. However, we tested the sample of cyanide 
used during the course of this research and found no reducing sub- 
stance such as Abt detected. 

The next step after collection of the blood was the preparation of 
a suitable filtrate for the analysis. The specimen was centrifuged and 
the clear plasma drawn off. Two ml. of plasma were mixed with 3 ml. 
of water and 5 ml. of a 5 per cent metaphosphorice acid solution to 
precipitate the proteins. The solution was then filtered. It was found 
that the use of whole blood instead of plasma resulted in the com- 
plete destruction of the ascorbic acid. This was due to the oxidative 
action of hemoglobin during the precipitation of the blood proteins. 
If the specimen was partially hemolyzed so that the plasma contained 
some hemoglobin, this action was found still to take place so that some 
loss of ascorbic acid resulted, depending on the extent of hemolysis. 
For this reason, any specimens showing more than the slightest trace 
of hemolysis were discarded. 

The actual determination of the ascorbic acid content of the meta- 
phosphoric acid—plasma filtrate, essentially that described by Mindlin 
and Butler, was performed as follows: 

To 5 ml. of plasma filtrate in a colorimeter tube was added 5 ml. of 
the indophenol dye solution from a rapid delivery pipette calibrated 
to deliver 5 ml. in 5 seconds. The solution was then rapidly mixed 
and placed in the colorimeter and the first reading taken ten seconds 
after beginning addition of the dye. The blank dye sample was made 
up and read in the same manner, 2 per cent metaphosphorie acid being 
used in place of the filtrate. The dye solution was diluted from a 
stock solution for daily consumption and was made up in such con- 
centration that the blank gave a galvanometer reading of about 45. 
About 100 mg. of sodium acetate per 100 ml. of dilute dye solution 
was added to keep it alkaline. We found that more than this was not 
necessary. The reduction of the dye by the metaphosphorie acid was 
very slight and compensation for such as occurred was made by the 
blank. 

L, 


Results were calculated from the equation M 47> where M = mg. ascorbic 
acid in volume of filtrate added to the tube (i.e., in 5 ml. filtrate equivalent to 1 
ml. plasma). 

L, and L, are expressions of the optical density of the dye blank and the sample 
respectively and are calculated from the galvanometer reading @ by the equation 
L, = 2 - log G. 

K is a constant and was found to have a value of 8.4 within narrow limits. Three 
different brands of ascorbic acid and two brands of dye all gave this average value. 
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SNELLING AND JACKSON: VITAMIN C 


Parr Il (Cartes E. SNELLING, M.B.) 


There has been much interest in vitamin C nutrition with the advent 
of more accurate methods of estimation. Using the method outlined 
previously? we have determined the plasma ascorbic acid in pregnancy 
and early infancy. 

The plasma ascorbic acid of a group of women during pregnancy 
and immediately post partum was measured (Table I).* The average 
for the group from two to five months’ gestation was 0.6 mg. per cent. 
At six months’ gestation it was 0.51; at seven months’ gestation it was 
0.49; at eight months’ gestation it was 0.43, and at term, 0.42 mg. per 
cent. Most of the latter were women who had commenced to have 
labor pains. Immediately after delivery the average of plasma ascorbic 
acid was 0.23 mg. per cent. Our figures suggest that there is possibly 
a slight fall in the level of plasma ascorbic acid with increasing months 
of pregnancy. Ingalls and co-workers have previously reported this.” 
There is a marked fall between the average at term and immediately 
after delivery. The difference is probably the result of some factor 
incident to labor. Fleming and Sandford reported that the levels 
immediately post partum were lower than those obtained one week 
later.* 


Chart 1.—Simultaneous estimation of the plasma ascorbic acid of cord and maternal 
blood. *indicates blood hemolyzed—unsuitable for estimation. 

The ascorbie acid of cord and maternal blood plasma was estimated 
immediately following delivery (Chart 1). The cord blood ascorbic 
acid varied from 0.1 mg. to 1.47 mg. per cent with an average of 0.77 

*We wish to express our appreciation to Professor W. A. Scott of the Department 


of Obstetrics, and his staff, for their cooperation and efforts in obtaining many of the 
samples. 
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mg. per cent. The maternal blood varied from 0 to 0.92 mg. per cent 
with an average of 0.23 mg. per cent. In every instance the maternal 
blood content of ascorbie acid was considerably less than the fetal 
blood. The average cord blood estimations are higher also than the 
average for maternal blood at term before labor started (Table I). 
Ingalls has reported similar results. One concludes that the fetus acts 
as a parasite to the mother in regard to vitamin C. 


TABLE I 


PLASMA AscorBic AcID OF PREGNANT WOMEN 


TERM CASES NO. AVERAGE MG. % 
Up to 5 mo. 12 0.6 
6 mo. 6 0.51 
7 mo. 11 0.49 
8 mo. 10 0.43 
Full term 8 0.42 
After delivery 13 0.23 


The plasma ascorbic acid was estimated in a number of breast-fed 
babies from 2 weeks to 5 months of age, and at the same time the 
mother’s breast milk was tested for the content of ascorbie acid (Table 
II). In thirteen totally breast-fed babies not receiving additional 
vitamin C, five had ascorbic acid measurements of more than 1 mg. 
per cent; five had 0.75 to 1.0 mg. per cent. Of the thirteen breast 
milks obtained at the same time, nine had measurements of 4 mg. per 
cent of ascorbic acid or over, and four were below 2.5 mg. per cent. 


TABLE IT 


RELATION oF PLASMA AscorBic OF BrREAST-Fep INFANTS TO MOTHER’S 
Breast MILK 


INFANTS CASES BREAST MILK 
MG. % NO. MG. % 

1.0 to 2.0 5 All above 4 

0.7 to 1.0 5 *4 cases above 4 

0.0 to 0.5 3 All below 2.5 


*1 case below 2.5. 


The five babies with plasma ascorbic acid content above 1 mg. per cent 
were fed on breast milk with more than 4 mg. per cent ascorbic acid. 
One of the five babies with ascorbic acid content between 0.75 and 
1.0 mg. per cent was receiving breast milk with 1.9 mg. per cent, and 
all three babies with ascorbic acid content below 0.5 mg. per cent were 
receiving breast milk with less than 2.5 mg. per cent of ascorbic acid. 
Ingalls reported that nursing babies at 2 weeks of age receiving breast 
milk containing 4.6 mg. per cent had an average plasma ascorbic acid 
of 0.87 mg. per cent. If the diet of the mother was supplemented with 
additional vitamin C, they found that the content in the breast milk was 
raised and also the level in the blood plasma of the infant was higher. 
It appears then that, if the ascorbic acid level of the breast milk is 
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over 4 mg. per cent and if the baby is totally breast fed, the ascorbic 
acid level of the plasma is above 0.7 mg. per cent which Ingalls states 
is the normal level. 

The plasma ascorbic acid was measured on artificially fed babies of 
ages ranging from 1 week to 3 months, who were receiving no addi- 
tional vitamin C (Table III). The plasma ascorbic acid varied from 
0.05 mg. per cent up to 0.52. The average figure was 0.19 mg. per 
cent. It appears that the artificially fed infant should receive addi- 
tional vitamin C from at least the time he is 2 weeks of age. Ingalls 
found the average plasma level of ascorbic acid in artificially fed 
infants at 2 weeks of age to be 0.3 mg. per cent. 


Tasie IIT 
PLASMA ASCORBIC ACID 


12 ARTIFICIALLY FED 15 BREAST-FED IN- 
INFANTS* 
MG. % 
Highest 0.52 
Lowest 0.05 
Average 0.19 


*All infants under 3 months of age. 


SUMMARY 


We have measured the ascorbic acid of the plasma of pregnant 
women. There seems to be a slight fall toward the end of pregnancy. 


Factors incident to labor lower the ascorbic acid in the maternal blood. 
The fetus acts as a parasite and has higher levels than maternal blood 
taken ante partum. Totally breast-fed babies are well supplied with 
vitamin C if the ascorbie acid of the milk is greater than 4 mg. per 
cent; if the ascorbic acid is below 2 mg. per cent in the breast milk, 
there is likelihood of a deficiency in the baby. In artificially fed 
babies not receiving additional vitamin C, the level of ascorbic acid 
in the blood is low. 

As a result of these studies, the following recommendations are 
made: Artificially fed babies should receive additional vitamin C from 
the time they are 2 weeks of age. The mothers of breast-fed babies 
should have adequate vitamin C in the diet, and, if there is any ques- 
tion of lack in the mother’s diet, the baby should receive additional 
vitamin 
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TREATMENT OF CRYPTORCHIDISM WITH 
GONADOTROPIC SUBSTANCE 


Zetson, M.D. 
New York, N. Y. 


N 1926 Aschheim and Zondek' reported having been able to induce 

sexual maturity in immature rats by means of pituitary transplants. 
Continuing their research, they further demonstrated* (1928) that a sub- 
stance present in the urine of pregnant women could stimulate the sex 
glands. Likewise, Engle* (1929) showed that injections of pregnancy 
urine into immature rats eaused an increased rate of growth of the sex 
organs. Taking advantage of these findings, Schapiro* (1930) obtained 
satisfactory results in treating thirteen children with genital under- 
development and eryptorchidism. He used the water-soluble extract of 
pregnancy urine, with the result of complete descent in ten cases, partial 
descent in three cases, and no failures. The endocrine treatment of erypt- 
orchidism was further stimulated by the work of Engle® (1932), when 
he demonstrated that by injecting pregnancy urine or the active prin- 
ciple of the anterior pituitary gland he could bring about descent of the 
testes in monkeys with delayed puberty. Since then, in the past six 
years, there have appeared frequent reports on the treatment of erypt- 
orchidism with gonadotropie substance, and mostly with very gratifying 
results (Table I). The work that I am herewith reporting on the treat- 
ment of eryptorchidism with gonadotropie substance presents less favor- 
able results, but nevertheless worthy of notice, especially as I feel that 
my findings, based on rigid criteria, represent a true figure of the best 
possible results obtainable in a carefully selected group of true cases of 
eryptorchidism. 


CHOICE OF CASES 


All the eases in this series were from the Out-Patient Department of 
Mount Sinai Hospital, New York. Only children over four years of age 
were included in our group for treatment. Most of them were seen at 
intervals for a period of three to six months before treatment was in- 
stituted. In addition, each boy selected for treatment satisfied the fol- 
lowing criteria : 

1. Each boy was examined both in standing and reclining posi- 
tions by at least three physicians who had to be unanimous in the 
diagnosis. 

2. At no time in the past history of the child had the testicle been 
seen or felt in the scrotum. 

3. Testicles could not be pulled or foreed into the scrotum. 
4. Testicle could not be brought down into the serotum after 
twenty to thirty minutes under a heat lamp or in a warm bath. 


From the Pediatric Service of Dr. Béla Schick, Mount Sinai Hospital. 
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5. Deseent after one, two, or even three injections ruled a case 
out. We felt that this type would have descended spontaneously. 


TABLE 


I 


REVIEW OF LITERATURE 


NUMBER 
OF 
PATIENTS 


TOTAL 
NUMBER 
OF UNDE- 
SCENDED 

TESTES 


NUMBER 
OF TESTES 
DE- 
SCENDED 


% OF 
TESTES 

DE- 
SCENDED 


NUMBER 
OF CASES 
WITH 
DESCENT 


OF 

CASES 

WITH 
DESCENT 


Goldman and 
Stern’ 
1933 


2 


2 


2 


100 


2of 2 


100 


Schapiro 
1930 

Aberle and 
Jenkins!° 
1934 


13 


Cohn11 
1934 


Kunstadter 
and Rob- 
bins12 
1934 


Rubinstein13 
1934 


1 partial 


Sexton14 
1934 


7 


Brosius!5 
1935 


9 


Dorff16 
1935 


Huberman and 
Israeloff17 
1935 


Kunstadter22 
1936 


Priestly and 
Cohen18 
1935 


Sippe19 
1935 


Spence and 
Scowen20 
1935 


9 


7 of 


3 of 


10 of 13 


%of 2 


lof 1 


Webster21 


21 of 33 


10 of 11 


Rubinstein23 
1936 


Goldman, Stern, 
and Lapin2¢ 
1936 


Hess, Kun- 
stadter, and 
Saphir34 
1937 


Thompson and 
co-work- 
ers35, 36, 37, 


1937-1938 


3% of 8 


9 of 11 


9 of 13 


8 of 28 


| | 
AVERAGE 
4 7 5 2 40 Qof 4| 50 
5 | 9% 6 5 | 84 dot 6 
3 10 5 5 | 100 | 3o0f 3] 100 
| 0% 2 87 | lof 1 87 
6 12% 9 78 dof 6| 66 
i 9 3-38 12 r 75 6of 9 66 
| 8 814 10 90 s| 987 
6 ll 8 5 63 mm 50 
33. | 426 | 45 29 64 63 
ll 11 15 is | 86 
8 10% 12 5 42 | 44 
ll 13% 19 15 89 si 
13. | 514 2 19 74 72 
17 
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TABLE I—ConrT’p 


| NUMBER | % OF | NUMBER 

AVERAGE! |OF TESTES| TESTES 

AUTHOR OF INDE- 

PATIENTS| onl 
SCENDED | SCENDED DESCENT 


Cramer29 ~~ 20 - 63 13 of 20 66 
1937 
Werner and co- 17 - 73 12 of 17 
workers28 
1936 = 
Bigler and co- | A.P.L. 2- -_— wae 81% of 23 
workers38, 39 23 5 of 32 
1938 Pit. 32 4of 16 
Both 16 
Sexton26 15 - 10 of 15 
1936 
Gordon25 28 21 of 28 
1936 


Molitch#o 7 of 11 
1937 
Farmers - 16 of 32 
1937 
Ronys1 3: j 3% of 6 
__ 1937 
Von Gelderen2? - 39 of 64 
Mimpriss*2 6 of 20 
1937 
Hess and Kun- 28 of 39 
stadter33 
1937 
TOTAL 5 682 431 286 
Zelson 4i4- 34 11 8 of 26 
1938 12% 


With these criteria, twenty-six eases were selected for treatment. Eight- 
cen were unilateral and eight were bilateral cases of eryptorchidism, 
thus totaling thirty-four undescended testicles. 


TREATMENT 


The gonadotropie principle used in the treatment of each child was ob- 
tained from the urine of pregnant women. This substance (follutein) 
had a potency of 1,000 units per 1 ¢.c. Each boy was given three to six 
injections a week for a period ranging from two weeks te fourteen 
months. The boys treated early in the series received 100 to 200 units at 
an injection ; those treated later in the series received 200 to 500 units at 
an injection ; several received 1,000 units at an injection. The total dos- 
age varied between 1,350 and 39,100 units. All the injections were given 
intramuscularly. Before considering a case unsuccessful, a minimum 
total dosage of 5,000 to 10,000 units was given. None of the children 
showed any general reactions even when the larger doses were given, 
though the site of injection was, as a rule, painful for several hours. 
There were, however, reports that several of the children had become 
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problem children, a condition that improved after the cessation of the 
treatment. A number of boys received two and three courses of treat- 
ment at six-month intervals, each sueceeding course with a higher dosage 
per injection. 

RESULTS 


Twenty-six boys with 34 undescended testicles were treated with 
gonadotropic hormone (Table II). In 18 eases the condition was unilat- 
eral; in 8 cases it was bilateral. Complete descent occurred in 8 cases, 
ie., in 31 per cent of the patients. Of these, 5 were unilateral cases of 
eryptorchidism, and 3 were bilateral. The condition was considered as 
having successfully responded to treatment only when the testicles de- 
scended into the serotum. We did not include among our successful cases 
those in which the testicles came down from the upper part of the canal 
to the lower part, or those in which an abdominal testicle became palpable 
in canal. In the 8 successful cases 5 of the patients responded to less 
than 5,000 units; 6 of them responded to treatment within three months. 
The penis, testicles, and scrotum became larger during the course of 
treatment in every case. A few developed pubic hair. However, it was 
noted that on re-examination of the patients in the unsuccessful cases 
from three to six months following the cessation of treatment the testicles 
which had enlarged during treatment had shrunk back to their original 
pre-treatment size. The penis continued to remain large. During the 
course of the treatment, 7 of the 26 boys were reported as being ‘‘bad 


boys’’ in school. When the injections were discontinued, however, this 
condition improved. 


DISCUSSION 


Although numerous reports have been published on the treatment of 
eryptorehidism with gonadotropie substance, no definite conclusions have 
as yet been formulated. The type of case, the optimum age for treatment, 
the dosage, and the length of treatment have certainly not been deter- 
mined as yet. In summarizing the literature, it is quite apparent that 
no two physicians feel alike. It is my impression, however, that the 
opinion is gradually crystallizing to the effect that the most promising 
eases for treatment are those of boys who have no apparent obstruction 
in the canal, who manifest some apparent endocrine disturbance, and 
who are close to puberty. It is also believed that most of the children 
who respond to treatment do so within a period of three months, and cer- 
tainly before 10,000 units of gonadotropic hormone has been given. I be- 
lieve that the massive doses which have recently been recommended need 
not be given and that the injections need be given no more frequently 
than three times per week. I have in mind possible harm that may result 
from too large dosages and too frequent injections. Stimulation and 
growth of the genitals occur in almost every boy, not only in our series 
but also in many of those reported in the literature. The risks involved 
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in such premature stimulation and activation have certainly not been 
determined. It is interesting to note that during the period of treatment 
seven of my patients manifested a change in conduct to such a degree 
that they were reported as having become problem children, a condition 
which fortunately improved when treatment ceased. What other changes 
occurred or what effect the injections may have on the future growth and 
development, not only of the genital system but also on the body as a 
whole, cannot be estimated at present; only the future may reveal the 
facts. Moreover, the possibility of spontaneous late descent without ex- 
cessive artificial stimulation should not be ruled out of consideration. It 
has been shown’ that ‘‘a normal prepubertal undescended testicle does 
not differ histologically and functionally from a prepubertal scrotal 
testicle and that the function of the testicle is only important with the 
onset of puberty.”’ It is well known that spontaneous descent occurs at 
various times from birth through puberty. Bigler and his co-workers** 
report, ‘‘In a series of 450 newborn boys, 10 per cent had undescended 
testicles, whereas in a similar series of premature boys, there was an 
incidence of 32 per cent.’’ Drake® claims that in 65 per cent of all cases 
of maldescent descent will take place at or near puberty. In two series 
of boys between 9 and 20 years of age, totaling 528 cases, he found 
twenty-seven cases, or 5 per cent of maldescent. Of 18,140 boys ad- 
mitted to Hospital for Ruptured and Crippled, New York City, 3 per 
cent were reported as having undescended testicles. On the other hand, 
Goetsch® found only two to five cases of undescended testicles per 1,000 
(0.2 to 0.5 per cent) among army recruits. The Medical Corps of the 
United States Army has reported that 3.1 (0.3 per cent) of each 1,000 
recruits had undescended testicles. 

An analysis of the above figures tends to show that there certainly 
must be a spontaneous descent in a great number of the eases seen before 
puberty. Because of these facts, one would be inclined to feel that treat- 
ment should not be begun before nine or ten years of age. However, it 
is interesting to note that in a number of the papers reviewed the follow- 
ing data were obtained: Cohn™ had 4 successful cases, of whom 3 were 
10 years old or younger. Dorff’® reported 7 successful cases, with 5 under 
10 years of age. Spence and Scowen,”° in their series of 33 cases, had 8 
boys under 10 years of age; 7 of these responded to treatment. Thomp- 
son and co-workers*’ reported 7 successful cases, with all except one 
under 10 years of age. Cramer*® reported 14 successes, with 7 under the 
age of 10 years. Hess and Kunstadter** had 28 successful results in a 
series of 39 children. Twenty-two children in this series were under 10 
years of age. Of these, 17 boys responded successfully to treatment. In 
my group of 26 children, 8 responded to treatment with complete descent 
of the testicles. Of the 8, 6 were boys under ten years of age. 


On the basis of the above facts it would seem that treatment is more 
successful in the children under 10 years of age. Of course, it may be 
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argued that in a majority of these the testes would have descended 
spontaneously had they been left alone. In my group of children, how- 
ever, because of the strict criteria for choice, I feel that there would not 
have been a spontaneous descent in any of the cases. The question of 
treating the children early in life should, I believe, be given further con- 
sideration. It is important, however, not to overlook the possibility that 
in spite of strict criteria for choice of cases for treatment, the testicles 
may descend spontaneously. 

As shown in Table I, there are at present in the literature an aggregate 
of 468 cases of eryptorchidism with 682 undescended testicles which have 
been treated with gonadotropic substance. Of this number, 286 cases with 
431 undescended testicles are shown to have successfully responded to 
treatment. This is equivalent to 61 per cent of the cases treated and 63 
per cent of the associated undescended testicles. On analyzing the litera- 
ture further, it can be seen that successful results vary, the reports of 
suecess ranging between 28 and 100 per cent of the cases treated. Only 
five of the thirty-one papers reviewed show less than 50 per cent suc- 
cess. Priestly and Cohen'’ (1935) report 25 per cent results; Bigler and 
associates,*® 45 per cent; Mimpriss,** 30 per cent; Thompson and co- 
workers,” 28 per cent; and in my own report I can claim only 31 per 
cent suecessful results. Why there should be such differences in the 
various series is difficult to explain. It seems to me that the basis for 
choice of eases is probably the cause. Without a very careful examination 
or repeated examinations at intervals a number of cases can be unwisely 
selected for treatment. This is evident frequently in the series reported 
in the literature. A number of reports show dramatie results following 
one, two, or even three injections of comparatively small doses of gonado- 
tropic hormone. It would hardly seem logical that such be considered as 
true eases of eryptorchidism and be reported as yielding successful re- 
sults. These children would probably have had a spontaneous descent. 
I feel that if the criteria set forth earlier in this paper were used for 
each ease, the percentage of successful results would, in most series, be 
fairly parallel. 

SUMMARY AND CONCLUSIONS 

A summary of the literature on eryptorchidism has been presented in 
chart form, with an analysis showing that 61 per cent of the cases re- 
ported were successfully treated. 

Twenty-six eases of eryptorchidism were chosen under strict criteria 
and were treated with gonadotropie hormone in varying dosage. Eight- 
een of the cases were unilateral in character, and eight were bilateral. 

Complete descent occurred in eight, i.e.,'31 per cent of the eases. Of 
these, five were unilateral and three bilateral. id 

All patients showed some genital enlargement. In the unsuccessfully 
treated patients, the testicles and scrotum returned to their original 
pretreatment size within a period of three to six months after the 
cessation of injections. 
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Treatment can be expected to be successful within a period of three 
months, and generally before 10,000 units of the hormone has been in- 
jected. 

Massive doses need not be given, and three injections a week are suf- 
ficient. 

Cases chosen for treatment should fulfill the criteria given earlier in 
the paper. 

Six of the eight successful results were in cases of children below the 
age of ten. Since this is the case in our findings and since many of the 
reports in the literature show likewise the most successful results in chil- 
dren under ten, treatment should be seriously considered in the earlier 
age groups despite the prevailing consensus that treatment should be 
deferred until the age of ten or eleven. 
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CONGENITAL FAMILIAL STEATORRHEA WITH 
FIBROMATOSIS OF THE PANCREAS 
AND BRONCHIOLECTASIS 


Sotomon Ravucn, M.D., ABranam M., Litvak, M.D., AND 
MarrHew Srerner, M.D. 
N. Y. 


N THIS paper we propose to describe what we consider a clinical 
entity. Because of its apparent familial incidence, its congenital na- 
ture, its association with respiratory symptoms, and the post-mortem 
findings, we saggest the term congenital familial steatorrhea with 
fibromatosis of the pancreas and bronchiolectasis. In order to differenti- 
ate this clinicopathologie complex from the classical celiac disease syn- 
drome, we have attempted to review the past and present concepts of the 
broad terms ‘‘steatorrhea’’ and the ‘‘celiae syndrome’’ and also to call 
attention to the hitherto rarely recognized significant association of a 
respiratory symptom complex with a digestive disturbance. In addition 
we present our cases. 

In medical literature the terms ‘‘steatorrhea’’ and ‘‘celiae disease’’ 
are closely linked and sometimes used synonymously. It is therefore im- 
portant to clarify what we mean when we use these terms either alone 
or qualified, as for example, ‘‘congenital steatorrhea,’’ or ‘‘pancreatog- 
enous steatorrhea,’’ ‘‘idiopathie steatorrhea,’’ or the ‘‘celiae syndrome.’’ 

The term ‘‘steatorrhea’’ came into prominence when it was employed 
by Kunzmann' to designate the passage of liquid fat with the stools in a 
ease in which he suggested the intimate connection of the phenomenon 
with disease of the pancreas. 

In 1888 Gee? applied the term ‘‘coeliae affection’’ to a ‘‘chronie in- 
digestion which is met with in persons of all ages, especially in children 
between the ages of one and five years, in which naked-eye examination 
of dead bodies throws no light on the nature of the affection. Nothing 
unnatural ean be seen in the stomach, intestines, or other digestive 
organs.’’ Following this, came a variety of reports by numerous authors, 
usually describing their cases first as celiac disease, later adding the 
names intestinal, celiac, or pancreatic infantilism, and pancreatic steator- 
rhea. Most of their discussions were centered on the controversial sub- 
ject of etiology, their views depending upon their interpretation of post- 
mortem findings. Together with this grouping there were also attempts 
at classification on purely clinical grounds and finally on the basis of 
laboratory studies. 


From the Department of Pediatrics of the Jewish Hospital of Brooklyn. Benjamin 
Kramer, M.D., Pediatrician-in-Chief. 

Part of this paper was presented by Dr. Benjamin Kramer in a discussion of Dr. H. 
Andersen's paper “Cystic Fibrosis of the Pancreas and Its Relation to Celiac Disease” 
at the joint meeting of the American Pediatric Society and the Society for Pediatric 
Research at Great Barrington, Conn., on May 5, 1938. 
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Thus we have Gibbons,* who in 1889 like Gee found that the pathologie 
anatomy of the celiae affection revealed nothing remarkable and sug- 
gested as a cause ‘‘a functional derangement of the nervous mechanism 
involving the digestive glands, with a resulting rapid decomposition of 
food and absorption into the blood stream of deleterious elements pro- 
dueing ill health.’’ 

Herter* in 1908 used the term ‘‘intestinal infantilism’’ to designate 
what was apparently the same condition that Gee had delineated. This 
author ascribed its origin to an unsuitable intestinal bacterial flora 
causing excessive putrefaction and chronic intoxication of the neuro- 
muscular system. 

The first complete report of a congenital condition in children in which 
liquid fat which solidified on cooling, passed from the bowel, in contrast 
to the fatty stools of the celiae affection, was made by Garrod and 
Hurtley® in 1913. Their studies mentioned this feature in two children, 
one a boy of 8 years, alive, well developed and well nourished, and a 
brother who died at 11 months of a similar condition which was present 
from birth. The authors stated that ‘‘there were no signs of pancreatic 
disease, unless it was the steatorrhea,’’ and suggested that the patients 
were the subjects of a rare inborn error of fat absorption. As no post- 
mortem examination had been performed on the sibling, the presence or 
absence of pancreatic pathology remains conjectural. In the fact that 
the authors failed to mention in their discussion the differential diag- 
nosis from the celiae affection is implied that steatorrhea was a distinct 
entity not difficult to recognize and totally different from Gee’s disease. 
This difference expresses itself not only in the character of the stools, 
but in the onset from birth, and in its familial incidence. However, the 
clinical differentiation of these two groups of cases by subsequent work- 
ers was not quite so simple, and their similarities would seem to be much 
closer than it appears from reading of the early descriptions. It re- 
quired many years of post-mortem, clinical, and laboratory studies to 
separate them, not too satisfactorily even to this day. 

It was not until 1914 that Poynton, Armstrong, and Nabarro,® in 
studying chronic recurrent diarrheas in childhood, noted in one of their 
fatal cases a marked increase in the interlobular fibrous tissue of the 
pancreas. These observers suggested two factors in the etiology of the 
disease, a possible infection, and the appearance of the celiac affection 
symptoms as sequelae. 

Still’ * in his 1918 Lumleian lectures on celiac disease remarked that 
the majority of these cases occurred during the latter part of infancy, 
none ever beginning while the child was breast fed. He attempted to 
explain the findings of pancreatitis and round-cell infiltration in the 
intestinal mucosa and submucosa in his case as an inflammatory process 
secondary to some functional failure of digestive secretion with resulting 
abnormal decomposition of food residue favoring growth of harmful 
bacteria. 
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Miller®:*® in 1921 and 1923 reviewed the post-mortem findings of 
previous cases reported and stated that the intestinal lesions failed to 
prove that the excessive fat loss in celiae disease was due to enteritis. 
He argued from the absence of pathologie findings in his own case that 
the syndrome was independent of organie changes and must be due to a 
digestive fault, probably a defective action of bile salts on fat absorption. 
The minor changes in the viscera he attributed to the secondary effects 
of the fatty diarrhea. 

Ryle" in 1924 invoked still another idea to explain the possible failure 
of patients with celiac disease to absorb fat. In two patients operated 
upon in whom fatty stools were due to faulty absorption, he found ob- 
struction in some parts of the lacteal tree, probably infective in origin. 
He cited this as one of the possible etiological factors in the disease and 
considered that improvement when it oceurred might be held due in part 
to the establishment of a collateral lymphatic circulation. 

Moncrieff and Payne’ in 1928, referring to the work of Hill and 
Bloor, indicated that the fat in the feces appeared to have no direct rela- 
tionship to the fat in the food, but represented some form of excretion 
of the gastrointestinal tract. They proposed the theory that the primary 
fault of celiac disease was not a malabsorption of fat, but rather a mal- 
utilization, a defect of fat metabolism analogous to defective utilization 
of sugar in diabetes. 

(Géttehe™ in 1925 believed that celiac disease might have many causes, 
the chief of which was dysentery, following which there was a disturb- 
ance in carbohydrate metabolism. 

As late as 1935, Hess and Saphir,"* in reporting post-mortem findings 
in the panereas in three disputable cases of celiac disease, raised the 
question whether a difference existed between primary pancreatic dis- 
ease in infaney and the elinieal picture of celiac disease. They stated 
that, if no changes in the pancreas were found by special staining meth- 
ods, then it must be conceded that the symptom complex of celiac disease 
had not one definite pathologic entity. To explain recovery in cases 
where the panereatie changes had been the prime factor in the produe- 
tion of clinical symptoms, they cited the ability of the pancreas to re- 
generate acini and islets of Langerhans. 

Excellent clinical presentations of celiac disease were given by Potter’ 
in 1926, Lehndorff and Mautner*™ in 1927, Levinsohn™ in the same year, 
Fanconi'* in 1928, and Parsons’ in 1932. Parsons’s brief summary of 
the chief characteristics of the picture of the fully developed ease in- 
cludes (1) the passage of large, pale, and offensive stools containing con- 
siderable amounts of split fat; (2) wasting which may reach a severe 
degree; (3) abdominal distention; (4) marked stunting of growth 
amounting to infantilism; (5) anorexia and certain nervous symptoms; 
and (6) the not infrequent presence of deficiency symptoms. 
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On the other hand, much investigative work was being done during 
this time to separate congenital or pancreatogenous steatorrhea from 
the large group showing the celiac syndrome. Bramwell,” in 1915 de- 
fined the features of pancreatic infantilism as arrested bodily and sexual 
development, normal intelligence, no deformity or structural defect of 
bones, no visceral derangement except chronic diarrhea, flatulent disten- 
tion of the abdomen, and defective or arrested pancreatic secretion. 
The latter was shown to be defective or absent by three chemical meth- 
ods: (1) the presence in the stools of a considerable quantity of un- 
digested fat which decreased after the administration of pancreatic ex- 
tract; (2) with a milk diet phosphorie acid in the urine was below 
normal; (3) Sahli’s test for the absence of salivary iodine after giving 
capsules soluble in pancreatic secretion was positive. 

Wallis™ in 1920 thought that the association of positive results in 
three tests, (1) an increased diastase content of the urine, (2) mydriasis 
after adrenalin (Loewi’s test), and (3) the presence of glycosuria, af- 
forded strong evidence that the pancreas was at fault. If, in addition, 
creatorrhea and steatorrhea were present, the suspicion of pancreatic 
insufficiency was confirmed. 

However, these points were either not generally known or else not 
universally accepted. For example Taylor®® in 1923 grouped celiac dis- 
ease, celiac infantilism, Herter’s infantilism, acholia, pancreatic in- 
fantilism, pancreatic insufficiency, and chronic intestinal indigestion as 
one specific morbid entity. Soecknick and Thoenes®* in 1927 still tried 
to rely on a clinical differentiation between celiac disease and pancreatic 
insufficiency. In the former they found a marked fat loss in the stool, 
slight protein intolerance, neuropathy, short stature, hydrolability, 
marked carbohydrate intolerance, and increased peristalsis; in the latter 
there were ‘‘butter stools,’’ marked protein intolerance, no neuropathy 
or dwarfism, hydrostability, good carbohydrate tolerance, and normal 
motility of the gastrointestinal tract. 

Fanconi'* in 1928 with the publication of his exhaustive monograph 
on intestinal infantilism and related forms of chronic digestive disturb- 
ances avoided the discussion of the distinctions among the various types 
of steatorrhea by grouping them under the all-inclusive term of ‘‘celiae 
syndrome.’’ He classified the disorder as (1) the chronie dyspepsias 
with the celiac syndrome and (2) those without this symptom complex. 
The former group he divided into a primary and secondary form. The 
primary group he subdivided into those giving symptoms in the first 
months of life, as against those with onset in the latter part of infancy, 
the so-called ‘‘Herter infantilism’’ in the narrower sense. In the sec- 
ondary group were included those cases associated with ascariasis, 
marked anemia, and abdominal tuberculosis. 

Credit should be given to Parmelee** for clarifving the confusion re- 
garding the clinical conditions classified as celiac disease. This he did 
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by correlating the clinical with the pathologie picture. In 1935 he re- 
viewed the literature and reported two of his own cases of ‘‘steatorrhea’’ 
which he used in the narrower sense as synonymous with congenital 
steatorrhea and ‘‘pancreatic steatorrhea’’ for an entity separate from 
celiac disease. Similarly, in the same year Thaysen® summarized his 
previous work differentiating the steatorrheas of the idiopathic and 
panereatogenous types. He grouped celiac disease, nontropical sprue, 
and tropical sprue as one disease under the designation of idiopathic 
steatorrhea as opposed to steatorrhea of pancreatic origin. Hanes and 
McBryde* in 1936, in a detailed study of nine instances of the sprue 
syndrome, found this classification satisfactory. Thaysen expressed the 
belief that the clinical picture might be similar in all types, but felt that 
certain metabolic disturbances were pathognomonic of idiopathic steator- 
rhea, namely, (1) an abnormal secretion of fat in the feces; (2) normal 
or very slightly raised feeal nitrogen; (3) a flat blood sugar tolerance 
curve; and finally (4) an inereased basal metabolic rate. Figures of 
total fat in the feces with respect to amounts of neutral fat, soaps, and 
free fatty acids were of no practical interest. Moreover, an exactly 
corresponding splitting of fecal fats into free fatty acids and soaps is 
found in pancreatic as in idiopathic steatorrhea, a phenomenon that is 
explicable by the lipolytie action of the intestinal secretion itself, as 
stressed by Leathes and Raper.”* 

In refutation of Payne and Moncrieff’s work, Thaysen and his eol- 
laborators found that steatorrhea is due to a diminished fat absorption 
and not to an excretion of fat by the intestines. Because patients with 
pancreatic steatorrhea may have a normal blood sugar tolerance curve, 
the pathognomonic feature of this disease is the finding of an excessive 
nitrogen excretion in the feces. 

Harper,”* in 1938 presented eight cases of congenital steatorrhea due 
to pancreatic defect, five* with post-mortem findings. She reviewed 
several more cases previously reported by other authors as celiac disease 
in which pathologie changes in the pancreas were present. She also 
added a chart of a differential diagnosis between congenital pancreatic 
steatorrhea and celiac disease. In this were included (1) the symptoms 
present from birth, (2) the ‘‘butter stools,’’ (3) high feeal fat with 
large amount of unsplit fat, (4) glucose tolerance test on the high side 
of normal, (5) and post-mortem lesions found in the pancreas in con- 
genital steatorrhea, as opposed to the (1) onset from nine months to two 
years, (2) oil not present in the stools, (3) high fecal fat well split, 
(4) flat glucose tolerance curve, and (5) absence of lesions in the 
pancreas in celiac disease. The signs of failure to absorb fat, namely, 
emaciation, meteorism, anemia, and osteoporosis, were common to both. 

With this preliminary summary we are presenting two cases in one 
family, with autopsy findings in one, in which the interpretation of the 
complete picture and the diagnosis in both was made in retrospect. 


al reported 4 cases with post-mortem findings and subsequently added the 
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REPORT OF CASES 


CasE 1.—N. H., a 7-month-old white female, was admitted to the Jewish Hospital 
of Brooklyn on April 15, 1936, because of wheezing, cough, large foul smelling 
stools, and failure to gain weight. 

Family History.—The patient was the second child of healthy parents, mother 26 
years old, father 21 years old; there was no consanguinity. There had been one other 
child, a 2-year-old brother to the patient, who, too, had presented a feeding problem 
since birth and was under treatment for celiac disease. 

Past History—The patient was born at full term; delivery was normal and 
spontaneous; weight, 6 pounds, 15 ounces (3,150 gm.). She had presented a feeding 
problem since birth and had always. had several large slimy foul smelling stools daily. 
She had been fed various dilutions of milk and water with added dextrimaltose. 
Viosterol and orange juice were begun at one month, bananas and egg yolk at five 
months. Cereals and cow’s milk did not agree with her. Since the age of 2 months, 
the patient had been wheezing. She was seen at 2% months because of failure to 
gain weight and the presence of large stools. She appeared undernourished and 
poorly developed. The heart and lungs were normal. The abdomen was pro- 
tuberant; the wall showed poor muscle tone; the liver and spleen were not palpable. 
The extremities were thin, and there was a sparse amount of subcutaneous fat. She 
was placed on an evaporated milk formula. She was seen again at 4%4 months, and 
during this interval her formula had been changed frequently to include lactic acid 
milk, and protein milk with banana powder. Her wheezing became more noticeable ; 
her weight was stationary. The stools were large, frothy, and foul smelling. At 644 
months the patient developed a croupy cough, and numerous rhonchi were audible in 
both lungs. The temperature varied between 101 and 102° F. for one week. The 
wheezing grew progressively worse. There was a loss of weight and at 7 months the 
patient weighed 11 pounds (5,000 gm.). Occasional attacks of cyanosis appeared, 
and, because of these together with fever, dyspnea, and a nonproductive cough, the 
patient was brought to the hospital. 

Physical Examination.—On admission she appeared acutely ill, dyspneic, cyanotic, 
showing movement of the alae nasi. Wheezing and marked retraction of the sternum 
were prominent features. The temperature was 101° F. and the respirations, 68 per 
minute. The head measured 39.3 cm. in circumference. The anterior fontanel was 
2 by 2 em., and the posterior fontanel was closed. The pupils reacted to light and 
to accommodation. The eardrums were normal. There was a moderate amount of 
grayish discharge from the nose. The lips were cyanotic, the tongue was coated, and 
the pharynx was deeply injected. The chest presented diminished resonance over the 
upper lobes anteriorly, with scattered coarse, moist rales throughout the entire chest. 
The heart was not enlarged, and auscultation revealed no murmurs. The abdomen 
was distended and flabby; the liver and spleen were not palpable. The ‘extremities 
were negative. The clinical impression was bronchopneumonia and celiac disease. 

Laboratory Data.—Urinalysis on admission showed a trace of sugar. Blood study 
showed the following: hemoglobin, 84 per cent; red blood cells, 5.5 million; white 
blood cells, 20,400, with 67 per cent polymorphonuclear leucocytes, 27 per cent 
lymphocytes, 4 per cent mononuclears, 1 per cent eosinophiles, and 1 per cent myelo- 
cytes. The red cells were normal in appearance and the platelets adequate in number. 
Laryngeal culture yielded pneumococecus Type IX. Tuberculin test was negative to 0.1 
mg. Roentgen study of the chest showed a generalized mottling of each lung field, 
suggesting the presence of bronchopneumonic infiltration. 

Course in the Hospital—The patient was placed in an oxygen tent where the 
cyanotic attacks persisted. The cough became paroxysmal and its character suggestive 
of pertussis. Adrenalin was ineffectual. Because the attacks of cyanosis followed 
shortly after feeding of diluted cow’s milk, evaporated milk was substituted to rule 
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out the possibility of an allergic factor, to no avail; protein milk feedings were with- 
out effect. On April 18 the stools were large, numerous, slimy, and foul smelling. 
On the following day the infant became stuporous, the abdomen distended, and the 
liver palpable. Dyspnea and cyanosis were marked. Everywhere in the chest were 
medium fine rales; no dullness was present. The temperature rose to 104° F., and 
after five days of hospitalization the patient expired. The final diagnosis was 
bronchopneumonia, celiac disease. 


NECROPSY REPORT 


Gross Examination—The body was poorly developed and poorly nourished. The 
skin was not unusual; there was no superficial adenopathy or dependent edema. The 
head was well formed. The pupils were equal and regular and the sclerae were not 
unusual. There was a slight yellow mucoid discharge from the nostrils and from the 
mouth. The mucous membranes of the lips and mouth as well as the nail beds were 
cyanotic. The chest was symmetrical. The abdomen was rounded and tensely dis- 
tended. The external genitals and the extremities were normal. There was about 
0.5 em. of adipose tissue in the midline of the anterior abdominal wall. The serous 
cavities showed no excess fluid, and the lining surfaces were smooth and glistening. 
The intestines were distended. The inferior margin of the liver extended 2 cm. below 
the costal margin in the right midelavicular line. The lungs were voluminous. The 
thymus measured 7 by 4 by 1 cm. and weighed 12 gm. The transverse diameter of 
the heart measured 7 em., that of the chest, 12 em. 

Heart.—The heart measured 5.5 em. from apex to base and 4.5 cm. at the base. 
The epicardium was smooth and glistening. The endocardium of the right atrium was 
smooth, the museuli pectinati were well formed, and the interstices between them 
were of average depth. The atrioventricular orifice measured 5.5 em. in cireumfer- 
ence; the valve leaflets were delicate. The right ventricle measured 2 mm. in thick- 
ness. The pulmonary orifice was 2.8 em. in cireumference, and the cusps were delicate. 
The ductus arteriosus was closed. The left atrium was lined by smooth endocardium. 
The atrioventricular orifice measured 4 em. in circumference. The valves were deli- 
cate, the chordae tendineae were velamentous and inserted beyond the free edges of 
the cusps; the trabeculae carneae were well rounded. The foramen ovale was patent. 
The wall of the left ventricle measured 8 mm. in thickness. The aortic orifice meas- 
ured 2.5 em. in circumference; the cusps were thin and delicate. The coronary ostia 
were patent. The heart weighed 35 gm. 

Lungs.—The external surfaces were smooth and shiny. There were a few petechial 
hemorrhages beneath the pleurae. The cut surfaces were uniformly pink. The bronchi 
and bronchioles were prominent, and their walls were thickened. Some of them were 
dilated and exuded thick yellow-green pus. The right and left lungs weighed 76 and 
86 gm., respectively. The mucosae of the trachea and bronchi were opaque and red, 
and their lumina were filled with yellow green thick material. 

Spleen.—The spleen weighed 18 gm. and held its shape well. The external sur- 
face was smooth and purplish red. On the cut surfaces the Malpighian bodies were 
distinct, and the fibrous markings were not increased. 

Stomach and Intestines—The stomach was distended with about 75 ¢.c. of semi- 
solid gray material. The mucosa was smooth, intact, and pink. The duodenum was 
lined by smooth, pink mucosa. The mucosa of the jejunum and ileum was not un- 
usual, 

Liver and Gall Bladder.—The liver weighed 240 gm. The peritoneal surfaces 
were smooth and shiny. The cut surfaces were pale yellow-brown and had a fatty 
consistency. The liver markings were somewhat indistinct. The gall bladder was not 
unusual on its external or cut surfaces. 

Pancreas.—The pancreas measured 7 cm. in length and weighed 8 gm. It was 
firm and pale. The cut surfaces showed the usual lobulation. 


j 
4 
1 
5 


RAUCH ET AL.: CONGENITAL FAMILIAL STEATORRHEA 469 


Suprarenal Glands.—Both glands together weighed 10 gm. Cortex and medulla 
were well demarcated. 

Kidneys.—The right and left kidneys weighed 28 and 22 gm., respectively. The 
capsule stripped readily, revealing a smooth red-brown surface with occasional fetal 
lobulation. On the cut surface the cortex and medulla were well demarcated, and 
the cortex measured 4 mm. in thickness. The pelvic mucosa was smooth, intact and 
pink. 

Pelvic Organs.—There was nothing unusual about the rectum, bladder, Fallopian 
tubes, and ovaries. 

Blood Vessels.—The aorta was elastic and its wall thin. There were no atheroma- 
tous patches anywhere on the intimal surface. There were no vascular anomalies. 

Lymph Nodes.—The mesenteric lymph nodes were not enlarged. The hilar lymph 
nodes were enlarged. On section they were uniformly brown red and succulent. 


Fiz. 1.—Case 1. Photomicrograph of a lung showing bronchiolectasis and broncho- 
pneumonia. Note lumen of bronchiole distended with purulent exudate which infil- 
trates the wall and fills the surrounding alveoli. Several areas of compensatory 
emphysema are also present. Hematoxylin and eosin, X85. 


Microscopic Examination 


Thymus.—The cortical and medullary zones were well demarcated. In the latter 
the Hassall’s corpuscles were numerous. The interlobular connective tissue was 
delicate. 

Heart.—The myocardial fibers were well preserved, with distinct striations and 
well-stained nuclei. 

Lungs.—The bronchi and bronchioles were dilated and filled with a fibrinopurulent 
exudate which adhered to the wall where the mucosa was missing. The wall was 
thickened by edema and infiltrated with polymorphonuclear leucocytes. The capil- 
laries were distended with blood. The surrounding alveoli contained a similar exu- 
date, and their walls were similarly thickened. The connective tissue about the 
larger vessels also contained many polymorphonuclear leucocytes. The intervening 
alveoli were either empty, somewhat emphysematous, or contained a fibrinopurulent 
exudate. The trachea showed no evidence of epithelial metaplasia. 
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Spleen.—The capsule and connective tissue septa were delicate. The Malpighian 
bodies were numerous and well spaced. The splenic pulp was congested. 

Liver.—The capsule was delicate and the arrangement of the liver cords into 
lobules was orderly. The veins and sinusoids were distended with blood. The cyto- 
plasm of the liver cells was coarsely granular and in places markedly vacuolated. 


Fig. 2.—Case 1. Photomicrograph showing marked vacuolization of liver cells 
and disturbance in the normal cytoarchitecture. Hematoxylin and eosin, X100. 


Fig. 3—Case 1. Photomicrograph of a normal pancreas showing uniform arrange- 
ment of well-stained acini between which thin strands of fibrous tissue and occasional 


delicate capillaries are noted. ‘The islets of Langerhans are well preserved. Hema- 
toxylin and eosin, 275. 


\ 


RAUCH ET AL.: CONGENITAL FAMILIAL STEATORRHEA 471 


In sections stained with sudan III, these were filled with golden brown staining mate- 
rial, The periportal spaces were not remarkable. There was no apparent increase of 
fibrous connective tissue, and no cellular infiltration. 

Pancreas.—There was a marked increase of intralobular and interlobular fibrous 
connective tissue. The normal cytoarchitecture was markedly altered. The islets of 
Langerhans were large and unevenly distributed, the acini were relatively scant. The 
ducts were numerous and distended, but not obstructed; the lumina of many were 
filled with a homogenous pink staining material. The lining cells of the ducts were 
well preserved. There was a slight infiltration of the connective tissue with small 
round cells and large mononuclear cells. 

Suprarenal Glands.—There was nothing unusual, the cells were well preserved. 


Fig. 4.—Case 1. Photomicrograph of pancreas showing irregularly spaced and 
dilated acini lined by flat to cuboidal cells. The lumina contain an amorphous pink- 
staining material. Between the acini broad bands of thick connective tissue with 
an occasional thin-walled blood vessel are noted. These extend throughout the tissue, 
and in places contain foci of small mononuclear cells. The islets of Langerhans are 
well preserved and somewhat larger than normal. Hematoxylin and eosin, X275. 


Kidneys.—The glomeruli were numerous and fairly well spaced; the dapillaries 
were dilated with blood. The convoluted tubules showed varying degrees of cloudy 
swelling of their lining cells. The collecting tubules were lined by well-preserved 
cells. There was no cellular infiltration and no increase of the interstitial connective 
tissue. The urothelium of the pelvic mucosa was well preserved, showing no meta- 
plasia. 

Pelvic Organs, Intestines, Blood Vessels, and Lymph Nodes were not abnormal. 

Post-Mortem Culture from Lung.—Staphylococcus aureus and H. influenzae. 

Anatomical Diagnosis.—Tracheitis, bronchitis; acute bronchiolitis; bronchiolecta- 
sis; focal pneumonia (bilateral) ; fibrosis of pancreas; fatty changes of the liver. 


CasE 2.—J. H., 24-year-old white male, brother of patient in Case 1, was ad- 
mitted to the Jewish Hospital of Brooklyn on July 2, 1936, because of cough, dyspnea, 
and nasal discharge. 
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Past History —The patient was born at full term; delivery was normal and 
spontaneous; birth weight, 7 pounds, 8 ounces (3,400 gm.). There was no cyanosis 
or convulsion. He was breast fed for five weeks and showed no gain in weight; sub- 
sequently various formulas were tried. There was a persistent nonspasmodic and non- 
productive cough since birth, and during the neonatal period the possibility of the 
infant’s having a congenital cardiac anomaly was entertained. No murmur was ever 
heard. There was no fever and no vomiting. There were from four to six fairly 
large bowel movements daily, some foul smelling, and others watery. At the age of 
9 weeks the patient’s cough became more severe and paroxysmal, so that pertussis 
was suspected. There were, however, neither whoops nor emeses. The patient, when 
seen again at the age of 3 months, weighed 8 pounds (3,640 gm.). He was placed 
on a lactic acid-evaporated milk formula with karo syrup, and pablum. At 7 months 
of age he weighed 17.6 pounds (8,000 gm.). He was subject to frequent upper 
respiratory infections and a persistent nonspasmodie cough. The stools were oc- 
casionally watery and foul. At 9 months of age the patient appeared fairly well 
developed and well nourished, but his weight remained stationary. He was 27.2 inches 
(69 em.) tall. The anterior fontanel measured 3 by 2 em., and there was no evidence 
of rickets. The tissue turgor was good. The chest and heart showed nothing unusual. 
The abdomen was distended, and the liver 3.5 em. below the right costal margin. 
Vegetables and egg yolk were added to the diet. At 13 months of age the patient 
weighed 19.8 pounds (9,000 gm.) and was 30 inches (76 em.) tall. Cereal, vegetables, 
egg yolk, bananas, and cheese were well tolerated, as well as the evaporated lactic 
acid milk formula. The bowel movements were large, particularly those in the morn- 
ing. On examination prominent frontal and parietal bosses were found. The anterior 
fontanel admitted one finger. There was no costochondral enlargement. The chest 
and heart showed nothing unusual. The abdomen was distended, the liver palpable 
1 em. below the costal margin. At 16 months the patient weighed 19.5 pounds (8,860 
gm.) and was 30 inches (76 em.) tall. He had been on re-enforced protein milk for 
the preceding five weeks, in addition to banana, cheese, egg yolk, liver, fish, and steak. 
The diet was well tolerated and his appetite was good. He had about three large 
stools daily. Roentgen ray studies of the bones showed nothing unusual. On examina- 
tion the abdomen was still markedly distended with the liver edge at the costal border. 
Hypogenitalism was prominent, and there was bilateral cryptorchidism. The heart 
was normal and there was no craniotabes. At 21 months of age the patient weighed 
22.7 pounds (10,520 gm.). The bowel movements were still large, and the abdomen 
was protuberant. The patient was receiving buttermilk, cottage cheese, bananas, eggs, 
liver, lamb chops, chicken steak, apple sauce, and jello. Viosterol and orange juice 
were continued. At 25 months of age the patient had been doing well except for 
frequent upper respiratory infections consisting of cough and running nose. There 
was no vomiting, no fever, no diarrhea. The stools were large and foul smelling. He 
weighed 25.12 pounds (11,440 gm.) and was 33.25 inches (84.5 em.) tall. .On 
examination there were no new findings. 

Present Iliness.—About a week prior to admission the patient developed a watery 
nasal discharge and severe cough. He was not acutely ill, and the course was 
afebrile until two days before entry, when the temperature rose to 101° F. On the 
day of admission he appeared cyanotie and dyspneic. 

Physical Exramination.—On admission he appeared fairly well developed and well 
nourished, acutely ill, dyspneic and cyanotic. The temperature was 101.6° F., pulse 
114, and the respirations 32 per minute. There was moderate retraction of the lower 
anterior chest. The head was normal. The pupils were equal and regular and re- 
acted to light and accommodation. The eardrums were normal. There was a watery 
nasal discharge, and the nasal mucosa was red and edematous. The lips were 
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cyanotic; the throat was moderately inflamed. There was no cervical lymphadenop- 
athy and no nuchal rigidity. The lungs revealed impaired breath sounds over the 
lower lobes posteriorly; sibilant and subcrepitant rales were heard throughout the 
chest. The heart was not enlarged, and there were no murmurs. The abdomen was 
distended and soft; liver and spleen were not palpable. Hypogenitalism was evident. 
The extremities were normal. The clinical impression was acute tracheobronchitis, 
bronchopneumonia, and celiac disease. 

Laboratory Data.—Urinalysis showed nothing unusual. On July 4 the hemoglobin 
was 80 per cent; red blood cells, 4.5 million; white blood cells, 13,000; polymorphonu- 
clear leucocytes, 70 per cent; band forms, 5 per cent, and lymphocytes 25 per cent. 
The red cells were normal in appearance and the platelets, adequate in number. 
On July 12 the hemoglobin was 80 per cent, the red blood cells, 4.1 million; white 
blood cells, 18,700, 72 per cent polymorphonuclears, 1 per cent basophiles, 4 per cent 
mononuclear cells, and 19 per cent lymphocytes. On July 21 the hemoglobin was 
70 per cent, red blood cells 4.7 million. Throat culture revealed few hemolytic 
streptococci. Cough plate showed no 7. pertussis, sputum culture yielded Staphy- 
lococcus aureus and B. subtilis. Mouse culture of sputum revealed streptococcus 
hemolyticus. Guinea pig inoculation for tuberculosis was negative. Agglutinations 
for typhoid, melitensis, and tularemia were negative. Mantoux tests with O. T. and 
avian tuberculin were negative. Roentgen studies of the chest on July 2 showed 
considerable bilateral root enlargement and exaggerated bronchovesicular markings. 
No parenchymal lesions or superior mediastinal tumor were demonstrated. Repeated 
studies on July 7 showed no additional findings. On July 14 considerable root and 
perivascular infiltration was observed bilaterally. The bronchial tree was thickened 
in a fanlike fashion from the root almost to the periphery of the lung, and the find- 
ings seemed to indicate a hilar adenitis and periadenitis with bronchial irritation. 
The intercostal spaces were slightly wider than average, and the diaphragm was 
depressed, suggesting some degree of emphysema. 

Course in Hospital.—The patient was placed on a buttermilk, cheese, dextrimaltose 
formula. He also received puréed vegetables, chicken liver, banana, egg yolk, jello, 
junket, and 4 ounces of orange juice a day. Tincture of benzoin inhalations were 
begun soon after admission and ephedrine sulphate gr. 14 and atropine gr. 1499 were 
administered. On July 3 the temperature ranged between 99 and 100.6° F. In view 
of the bilateral hilar shadow, radiotherapy was suggested, and the patient received 
one treatment to the chest. He refused to eat and tolerated only small quantities of 
the formula. The stools were clay colored and pasty. On July 4 the temperature 
ranged about 101° F. The patient was seized with attacks of repeated coughing 
and cyanosis, paroxyms that simulated very much those seen in severe pertussis, ex- 
cept that no whoops or emeses followed them. Marked dyspnea and retraction of the 
lower chest were noted. On July 6 the cyanosis persisted, and respirations were 
chiefly abdominal in type; the intercostal spaces were drawn inward at the dia- 
phragmatic attachment. He was given tincture of belladonna and appeared more 
comfortable. He took his feedings well and had no diarrhea. On July 7 the respira- 
tions were 52 per minute, and the temperature was 104° F. Cyanosis of the lips and 
nail beds with increased retraction of the lower chest was noted; moist rales were 
heard throughout the chest. He was placed in an oxygen tent for a few hours and 
then in a respirator. The latter had no good effect, and after twenty minutes he 
was returned to the oxygen tent. From July 10 on the respirations became labored 
with increasing retraction of the chest, and in addition suprasternal and supraclavicu- 
lar retractions appeared. Cyanosis of the lips was persistent. Temperature ranged 
between 100 and 101° F. Periods of marked dyspnea were relieved by intermittent 
doses of adrenalin. An area of suppressed bronchial breathing appeared at the left 
base. The clinical course was suggestive of asphyxia resulting from extensive 
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bronchial and peribronchial inflammatory involvement. The physical signs indicated 
some confluence of the exudate at the left base giving rise to an area of consolida- 
tion. On July 16 the patient’s condition was poor. Breathing had been labored, for 
the most part, with cyanosis aggravated by spells of coughing during which the pa- 
tient brought up masses of tenacious mucopurulent material. Breath sounds were 
absent throughout the chest and occasional moist rfiles were heard posteriorly. There 
were varying periods of stupor; the pulse was at times imperceptible. The abdomen 
was moderately distended and the liver was palpable, 3 em. below the costal margin. 
There was a striking absence of toxemia that one would expect with any pneumonia, 
especially one so widespread and accompanied by so much exudation. Whatever 
toxicity seemed to be present was anoxemic rather than bacterial. On July 18, 19, 
and 20 the patient experienced severe attacks of dyspnea and cyanosis requiring 
adrenalin and caffeine sodium benzoate. Several small direct blood transfusions had 
been given. On July 21 the patient’s condition was very poor. The skin and mucosae 
were cyanotic. The chest revealed absent breath sounds and scattered rales. The 
heart sounds were feeble and rapid. The abdomen was markedly distended; the liver 
was 5 em. below the costal margin. There was no peripheral edema. The patient 
died on July 22. The final diagnosis was bronchopneumonia and celiac disease. Con- 
sent for an autopsy could not be obtained. 


COMMENT 


The histories of the two cases are almost identical, and the probability 
is that the underlying morbid anatomy was not different. The most 
striking changes were revealed in the pancreas and lungs in Case 1, 
which came to autopsy. Considering the pancreas, we note similar or 
closely related findings in previously reported cases with histories sug- 
gesting celiac disease. As already mentioned, the cases of Poynton, 
Armstrong, and Nabarro,® reported in 1914, showed increase in inter- 
lobular fibrous connective tissue, particularly that surrounding the 
ducts. This was in a 9-year-old child with a chronic recurrent diarrhea. 

In Still’s ease* the findings suggested a pancreatitis, but the appear- 
ance was similar to that of Poynton’s ease. Passini*® in 1919 found in 
one patient aged 9 months a small pancreas with cystic changes in the 
acini and a reduction in the number of islands of Langerhans, and in a 
2-month-old sister a similar picture. Another infant of 18 months 
showed widening of the pancreatic ducts and a necrotic parenchyma. 
All three cases had been treated without success with the usual celiac 
disease regime. Schick and Wagner*’ in 1923 reported in a 17-month-old 
child atrophy of the pancreas in addition to atrophy of other digestive 
glands and organs of internal secretion. Clarke and Hadfield** in 1924, 
in a child of four years, found more than one-half of the pancreas to be 
fibrous tissue with no evidence of active inflammation and no cellular in- 
filtration between lobules. The islands of Langerhans showed no pa- 
thology and were relatively increased in number over acini. 

Mautner® in 1925 demonstrated in a 3-year-old child a pancreas with 
marked degeneration of the exocrine apparatus with alveoli distended 
and filled with eosin red secretion, and an intact islet mechanism. 
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Burghard® in the same year presented an infant of 10 months with 
cystic degeneration of the pancreas and an increase in the interlobular 
connective tissue. 

Gross** in 1926 described a 15-week-old infant clinically and patho- 
logically resembling Burghard’s** and Passini’s*® cases and another 
19-month-old child with a clinical picture of celiac disease, whose 
pancreas showed marked atrophy and fatty infiltration of the secreting 
parenchyma and only slight involvement of a relatively increased num- 
ber of islands. 

Siwe®* in 1932 described a 2-year-old child, with well-preserved islets 
of Langerhans in contrast to an almost total agenesis of the exocrine por- 
tion of the gland. 

Huet’s case,*° a 10-year-old boy, reported in 1933, showed similar 
findings. 

Greenberg®’ in 1933 refers to an unreported case of an 11-month-old 
infant in whom a completely fibrotic pancreas was found. 

Hess and Saphir* in 1935 described two cases, 9 and 18 months of age, 
showing ‘‘chronie pancreatitis,’’ much fibrosis, concrements in dilated 
ducts, and seemingly large islands of Langerhans; and a third child of 
3 years with fibrosis of the pancreas, with very few inflammatory cells, 
suggesting subsidence of the active process. 

Parmelee** in 1935 reported two cases, one 11 years old, the other 
414 years old, both of whom displayed in the pancreas marked fibrosis, a 
great reduction in the amount of secretory gland tissue, large islands of 
Langerhans, and dilatation of the pancreatic ducts. 

The cases of Fanconi, Uehlinger, and Knauer,** aged 3 years and 10 
months, respectively, reported in 1936 duplicate the ones described by us. 

Garesche,*® in 1936 in addition to quoting a case of Freudenberg’s, of 
a one-year-old infant, mentioned one case of his own, a child of 4 years, 
with changes in the pancreas similar to those described by Parmelee and 
Fanconi. 

Harper** in 1938, in her report of eight cases of congenital steatorrhea, 
presented post-mortem findings in five. One showed tuberculosis of all 
the organs with fatty replacement of atrophied pancreatic tissue; the 
other four had small distorted pancreatic acini with increased stroma. 
In one of these distended pancreatic ducts were present. 

Lucksch and Sachs*® in 1937 reported a case of questionable in- 
digenous sprue in a 24-year-old female in whom atrophy of the pancreas 
was found. 

Whereas all of these cases showed fatty degeneration or atrophy of the 
secreting parenchyma, accompanied as a rule by interstitial fibrosis, in 
most instances the islets of Langerhans either remained intact or were 
increased in size, or relatively, in number. This is a sharp contrast to 
the findings in 1914 of Nakamura,” and in 1926 of Dreyfuss,*? who, in 
systematic studies of the pancreas in cases of ordinary metabolic dis- 
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turbaneces not resembling the celiae syndrome, found frequent involve- 
ment of the islet cells with the acini spared. 

A review of the reported eases in the literature leaves the impression 
that the steatorrheas, excluding the acquired forms in adults of panere- 
atic inflammation or lithiasis, or those in which pathology of the lacteals 
is found, may be divided into idiopathic and pancreatogenous forms. 
The former includes celiac disease and sprue, tropical and nontropical. 
All of these may show the clinical picture of the celiac syndrome, name- 
ly large, pale, offensive, fatty stcols, abdominal distention, anorexia, 
wasting, stunting of growth, and the presence of deficiency symptoms 
such as rickets, tetany, seurvy, edema, xerophthalmia, osteoporosis, and 
anemia. The differentiation between them rests chiefly on the finding 
of a high nitrogenous excretion in the feces in the pancreatogenous form. 
Sugar tolerance curves may be of value, being usually of the diabetic 
type in the pancreatogenous steatorrheas in contrast to the low, flat 
curve in the idiopathic form. Of some importance, too, is the onset of 
the pancreatic type almost from birth. The final differential diagnosis 
is based on post-mortem findings, where no lesions are seen in the 
pancreas of idiopathic steatorrhea, in contrast to the striking and often 
characteristic changes detected in the pancreatogenous group. 

The association of the respiratory symptoms with steatorrhea has been 
stressed by many authors; most of whom considered the former the re- 
sult of an intereurrent infection. Lehndorff and Mautner,’* for example, 
in their comprehensive summary of celiac disease in 1927, called atten- 
tion to the not infrequent affection of the bronchial passages as respon- 
sible for fever. Fanconi'® in 1934, in discussing the various groups of 
‘*dormant’’ pneumonias in childhood, described six cases of the associa- 
tion of chronic pneumonias with marked chronie dyspepsia. Later, in 
1936, this author, together with Uehlinger and Knauer,** was afforded 
the opportunity of examining all the organs in two children with 
chronie bronchitis, who had developed ‘‘celiae disease’’ soon after birth. 
They ascribed a definite cause for this, namely, a congenital bronchiec- 
tasis. Although not the first to describe the concomitant occurrence of 
these two conditions in the same case, they were responsible for point- 
ing out their association as congenital anomalies. They preferred to 
look upon these two sets of symptoms as resting independently on a com- 
mon basis rather than speaking of the celiac syndrome and bronchiee- 
tasis in a cause and effect relationship. However, while Fanconi and 
his co-workers** deseribed their cases under the heading of celiae syn- 
drome, we believe that they belong in the grouping of pancreatogenous 
steatorrhea. 

Cockayne* in 1933 had diseussed the high mortality in steatorrhea and 
the frequency with which pneumonia was the cause of death. Harper** 
in her 1938 series was of the opinion that this association was more than 
a coincidence, but she ascribed it to a greatly reduced resistance to re- 
spiratory infections. It is interesting to note that in other patients 


ay 
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with steatorrhea dying of broncho-pneumonia, the latter feature is 
mentioned casually as contributing to the death of the patient, and in 
most instances, no great detail as to the character of pulmonary paren- 
chymal and bronchial involvement is given. Among these are Poynton, 
Armstrong and Nabarro’s two patients (Cases 5 and 6) suffering from 
frequent attacks of bronchitis, and the patients dying of bronchopneu- 
monia reported by Passini?® and Pipping,** Mautner,*? Soecknick and 
Thoenes.** Clarke and Hadfield’s patient,*! supposed to have died of 
an intereurrent infection, showed in the lungs small abscess cavities 
with recent ulceration of the walls, and pus in the large bronchi. 
Burghard’s case** revealed fresh lobular pneumonia and purulent catar- 
rhal bronchitis. Two cases of Gross,** had had chronic bronchitis or 
pneumonia. Siwe’s patient* died of a bronchiolitis after several bouts 
of bronchitis. The patient described by Huet** had had a chronie lung 
infection, and at post-mortem there was demonstrated a diffuse broncho- 
pneumonia, widened bronchi, and bronchioles surrounded with thickened 
walls. Similarly in Parmelee’s two cases** chronic bronchitis and bron- 
chopneumonia had been prominent features in their long illnesses with 
the revelation of a purulent bronchitis and bronchiolitis at necropsy. 
One of the cases of Hess and Saphir™ displayed a bilateral broncho- 
pneumonia with abscess formation, while in the other two broncho- 
pneumonia was demonstrated. Garsche’s own patient,*® and that of 
Freudenberg,*® quoted by the former, had died of ‘‘grippal’’ pneumonia. 
In Luekseh and Sachs’s patient,*® an adult, a bilateral lobular pneu- 
monia was found at autopsy. Another adult, still alive at the time of 
publication, is the patient having ‘‘chronic idiopathic steatorrhea with 
asthmatiform bronchiectasic bronchitis’’ reported by Campanacci*® in 
1937. 

Table I is a summary of the cases of steatorrhea associated with re- 
spiratory symptoms recorded in the literature to date, including our own. 

Among all these cases the ones most closely resembling those reported 
by us as congenital familial steatorrhea with fibromatosis of the pancreas 
and bronchiolectasis are those of Fanconi, Uehlinger and Knauer.** 
These had in common the onset from birth, the similar clinieal course 
and autopsy findings, and in their Case 2, the familial incidence. Prob- 
ably similar cases except for the positive familial history may be found 
in the previously discussed papers of Parmelee,** Huet,*® Burghard,** 
Hess and Saphir,"* and possibly Campanacci.* 

Possibly closely related, but incomplete because of lack of details in 
history or necropsy findings, may be the cases of Poynton and his col- 
leagues,® Still,* Clarke and Hadfield,** Pipping,** Passini,?° Gross,** 
Harper,”* Soecknick and Thoenes,”* Siwe,*° Garsche,*® Mautner,®*? and 
Lueksch and Sachs* in an adult. 

There is ample evidence in embryology and pathology for the support 
of the theory of the independence of the respiratory and intestinal symp- 
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TABLE 


SUMMARY OF CASES OF STEATORRHEA| 


TITLE OF 


CHIEF SYMPTOMS OR SIGNS 


ficiency 


REPORT (ENG- APPROXIMATE AGE OF ONSET PaMILY 
NO. | YEAR| AUTHOR | LISH TRANSLA- INCIDENCE 
: TION WHERE INTESTINAL RESPIRATORY 
INDICATED ) 
1 1914 | Poynton Chronic recur-|Enteritis from/)None One sibling 
Armstrong | rent diarrhea} 12th to 20th died of diar- 
_ and in childhood | month rhea as an in- 
> Nabarro fant 
5 1918 |Still Celiac disease |Loose stools for| None None 
4 months begin- 
ning at 7 years 
a 3 1919 | Passini Pancreatic dis-|Thin stools since) Bronchopneu- One sibling of 
as ease as the| birth monia at 9 mo./ two months 

: eause of chil- with similar 

q dren’s failure condition 

7 to thrive 

4 1919 | Passini Same Thin stools since} Bronchopneu- Sister of Case 
birth monia and em-} 3 above 
pyema at 2 mo. 
: 5 1919 | Passini Same Loose stools Bronchopneu- None 
P monia at 18 mo. 
6 1924 |Clarke Congenital pan-| Fatty diarrhea|Intercurrent in-| None 
me and ereatic disease| since birth; un-| fection broncho- 
Hadfield with infanti-| derweight and| pneumonia 7 
= lism undersized weeks after ad- 
mission 
7 1924 | Pipping Contribution to|Gastrointestinal |Recurrent bron-|j brother, __ 
knowledge of} difficulties at 2) chopneumonia ‘*weak stom- 
Herter’s intes-| years from 2nd to 7th) ach’’; 1 sister 
tinal infanti- year 3 mo. gastroin- 
lism testinal dis- 

A turbances; re- 
eurrent bron- 
chopneumonia 

8 1925 | Mautner The Heuter- /|Recurrent diar-| Pneumonia at 3) None 

= Heubner di- | rhea beginning} yr. 

gestive insuf-| at 1 yr. 
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OUTCOME AND 


POST-MORTEM FINDINGS 


MANNER OF REMARKS 
TERMINATION PANCREAS LUNGS LIVER 
Died at 9 yr. | Interlobular fibrosis! Not reported Pale, soft: None 
after opera-| especially surround- fatty 
tion for sus-| ing ducts changes 
pected perito- 
nitis, not 
found 
Died of exhaus-| Excess of fibrous tis-| Not reported Small and Tests made for pan- 
tion. Sus- sue, especially about congested ereatic insufficiency 
pected diag-| ducts, suggestive of during life were neg- 
nosis of tuber-| pancreatitis. ative (Sahli test) 
culous perito- 
nitis at 7% 
yr. 
Died of bron-| Pancreas one-half nor-| Not reported Not reported | Details of respiratory 
chopneumonia | mal size; cystic symptoms and pul- 
at 9 mo. changes in acini; re- monary findings not 


duction in number of 
islands of Langer- 
hans 


given 


Died at 2 mo. 
of broncho- 
pneumonia and 
empyema 


Cystic degeneration of 

pancreatic glands: 
atrophy of islets of 
Langerhans 


Bronchopneu- 


monia and em- 


pyema 


Not reported 


No details of respira- 
tory symptoms and 
pulmonary findings 


‘Died at 18 mo. 
of broncho- 
pneumonia 


Necrotic parenchyma; 
pancreatic ducts dis- 
tended by secretion 


Bronchopneu- 


monia 


Not reported 


Details not given 


Died at 4 yr. 
of broncho- 


Shrunken, dead white, 
fatty ; 149 the normal 


Terminal 


bron- 
chopneumonia ; 


Fatty changes 
extreme 


One sibling died at 
2% mo. from bron- 


pneumonia amount of secretory; small abscess chopneumonia; one 
glandular tissue; re-| cavities; pus at 2% yr. from post- 
placement  fibrosis;| expressed from pertussis pneumonia 
no evidence of ac-| large bronchi 
tive inflammation; 
islands normal 
Died of bron-| Not described Bronchopneu- Fatty infiltra-| Fever of unknown 
llopneumonia monia tion etiology 5 weeks be- 
ut 7 yr. fore onset of gastro- 


intestinal symptoms 


lied at 3 years 
pneumonia 


High grade degenera- 
tion of exocrine ap- 
paratus; alveoli dis- 
tended and filled 
with eosin-red secre- 
tion; intact islands 


of Langerhans 


Acute lobular 


pneumonia with 
beginning pleu- 
ral effusion 


Enormous 
fatty liver 


Impossible to demon- 
strate primary insuf- 
ficiency of pancreas 
during life 
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TITLE OF 
REPORT (ENG- 


NO. | YEAR| AUTHOR | LISH TRANSLA- 
TION WHERE 
INDICATED ) 
9 1925 |Burghard Pancreatic dis- 
ease of in- 
faney 


CHIEF SYMPTOMS OR SIGNS 
APPROXIMATE AGE OF ONSET 


smelling stools 
daily 


to 10th month 
no 
whoop 


FAMILY 
INCIDENCE 
INTESTINAL RESPIRATORY 
From birth 4 Paroxysmal per-| None 
loose, large, tussis-like 
foamy, foul- eough from 6th 


1926 


Gross 
(Case 10) 


Pancreatic 
atrophy in in- 
fancy and 
childhood 


Cachexia 


Bronchitis 


None 


1926 


Gross 
(Case 18) 


Same 


Heubner-Herter 
disease 


Pneumonia at 19 


mo. 


None 


1 brother of 7 


12 1927 |Soecknick |Familial pan-| Fatty stools from|No mention 
and ereatie insuffi-| 13 mo. until 17 years, hydro- 
Thoenes ciency mo. cephalus-fatty 
‘ stools; 1. sis- 
ter 9 mo, 
fatty stools 
died of bron- 
chopneumonia 
13 1932 |Siwe Exocrine func-| Diarrhea at 6 mo.|Several bouts of| None 
tion of pan- bronchitis 
ereas and re- 
sults of its 
cessation 
14 1933- | Huet Herter’s in- Large, thin diar-|Chronie bronchi-| None 
1934 fantilism and| rheal stools tis since 2nd 


chronie lung) since infancy 
affection 


year; febrile 
periods with 
cough 


Hess and 
Saphir 


Celiac disease 


Frequent bowel 
movements 
shortly after 
birth; large size 
stools, 4-6 daily 


Admitted to hos- 
pital with diag- 
nosis of bron- 
chopneumonia 
at 9 mo. 


None 


1935 


Hess and 
Saphir 


Same 


Frequent _ stools 
dating shortly 
from birth un- 
til 6 mo. of age 


Admitted with 
diagnosis of in- 
fluenzal pneu- 
monia 


None 


Saphir 


Failure to thrive 
from 2nd month. 
Attacks of diar- 
rhea at 4 mo. 


Pneumonia at 18 
mo. 


> 
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Died at 10 mo. 
of broncho- 
pneumonia 


POST-MORTEM FINDINGS 


PANCREAS 


LUNGS 


LIVER 


REMARKS 


Cystic degeneration of 
pancreas; increased 
interlobular connec- 
tive tissue 


Purulent catar- 
rhal bronchitis; 
fresh lobular 
pneumonia 


Fatty infiltra- 
tion 


Tuberculosis sus 

pected; father had 
tuberculosis. Tuber- 
culin negative. No 
tuberculosis on au- 
topsy. Patient one 
of twins; other child 
well at 5 years 


Died at 3% 
months of 
cachexia 

bronchitis 


and 


Cystie degeneration of 
acini with retained 
secretion ; dilated 
duets; inerease in is- 
lands of Langerhans 


Pneumonia, no 


details 


Not given 


Classified by author 
as belonging to same 
group as Passini’s 
and Burghard’s cases 


Died of pneu- 
monia at 19 
mo, 


Almost total atrophy 
of secreting paren- 
ehyma; increase in 
number of islands of 
Langerhans 


Pneumonia, 
details 


Not given 


No mention 


Not given 


Not given 


3 members in same 
family with fatty 
diarrhea, one dying 
of bronchopneu- 
monia. Author cites 
resemblance to Gar- 
rod and Hurtley’s 
cases 


Died of bron- 
chiolitis at 2 
years 


Almost totally absent 
acini; islands of 
Langerhans well pre- 
served 


Bronchiolitis, no 
details 


Mild, fresh 
cirrhosis 


Died at 10 yr. 
of broncho- 
pneumonia 


Marked atrophy of 
acini; hypertrophy 
of islands of Lan- 
gerhans 


Diffuse broncho- 
pneumonia ; 
bronchi and 
bronchioles 
widened and 
thickened walls 


Died at 9 mo. 
of broneho- 
pneumonia 


Died at 18 mo. 
ot influenzal 
bronchopneu- 
monia 


Much new connective 
tissue; acini small; 
duets dilated and 
filled with concre- 
ments; islands of 
Langerhans enlarged 


Fatty degen- 
eration with 
secondary 
cirrhosis 


Tuberculosis sus- 
pected during life; 
ruled out 


Bilateral bron- 
chopneumonia 
with abscess 
formation; 
bronchi filled 
with pus 


Fatty infiltra- 
tion centrally 
located 


New formation of con- 
nective tissue ; normal 
pancreatic architec- 
ture destroyed; ducts 
distended with granu- 
lar debris; islands of: 
Langerhans seemed 
larger than usual 


Bilateral bron- 
chopneumonia, 
alveoli contain- 
ing pus cells 
and many mono- 
cytes filled with 
fat 


Fatty infiltra- 
tion centrally 
located 


Foam cells in lungs. 
Rickets present. 
Food allergy consid- 
ered at 10% mo. 


Died of athrep- 
sia at 3 yr. 


New connective tissue 
formation; dilated 
ducts; large islands 
of Langerhans 


Bilateral bron- 
chopneumonia ; 
pus and foam 
cells in alveoli 


Diffuse fatty 
infiltration 


Foam cells in lungs 


| 
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SIGNS 


from first week} ing last 2 
of life of life 


TITLE OF CHIEF SYMPTOMS OR 
REPORT (ENG- APPROXIMATE AGE OF ONSET FAMILY 
YEAR| AUTHOR | LISH ‘TRANSLA- INCIDENCE 
TION WHERE INTESTINAL RESPIRATORY 
INDICATED ) 
1935 |Parmelee | Pathology of | Difficulty in feed-| Sinusitis and None 
steatorrhea ing since birth;) bronchitis since 
frequent, large,| 11 years of age 
liquid, rancid 
stools since 
birth 
1935 |Parmelee | Same Large loose stools, Bronchitis dur-| None 


1936 | Fanconi, 
Uehlinger 
and 
Knauer 


1936 |Same 


1936- | Garsche 
1937 


Celiac syndrome 


with 


ital cystic 
fibromatosis of 


the 


and bronchio- 
lectasis 


Same 


Failure to thrive;|Cough at 
loose foul smell-| mo.; chronic 


ing stools since| bronchitis 
birth 


Clinical picture 
and patho- 
genesis of pan- 
ereatic insuffi- 
ciency 


foul smelling} mo. of age 
clay-colored 
stools since 
birth 


None 


Diarrhea, large, Cough since 6 Sibling died of 


similar affee- 
tion (chronic 
bronchiolitis 
with dys- 
trophy) at 14 
mo. 


Fatty stools from 


18 mo. 


Grippal pneu- 
monia at 414 yr. 


None 


Lueksh 
and 
Sachs 


Post-mortem 
findings in a 
questionable 
ease of indig- 
enous sprue 


Profuse fatty 


stools since age| Yr. 
of 22 yr. 


Pneumonia at 24 


| 1938 | Harper 


ereatic defect 


1937 |Campanaeci |Chronie idio- |Since 33 yr. of| Since the age of} None 
pathic steator-| age 7-8 frothy,|35, cough, muco- 
rhea associ- | viscid, glossy, | purulent expec- 
ated with as-| mucoid stools toration, fever, 
thmatiform daily nocturnal 
bronchietasic asthma 
bronchitis 
Congenital 7-14 stools daily; No mention None 
steatorrhea since birth 
due to pan- 


| 
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Died at 14 yr. 
of chronie 
bronchitis 


Died at 4% yr. 
of broncho- 
pneumonia 


Died at 3 yr. of 
fever and 
pyelonephritis 


POST-MORTEM FINDINGS 


PANCREAS 


LUNGS 


LIVER 


REM ARKS 


Fibrosis; atrophy of 
acini; dilatation of 
ducts; relative de- 
crease in islands of 
Langerhans in num- 
ber; increase in size 


Purulent bron- 
chitis; dilated 
bronchioles ; 
fibrosis; _bron- 
chopneumonia 


Chronic pas- 
sive conges- 
tion 


Atrophy of acini; di- 
latation of ducts; 
relative increase of 
stroma; scattered is- 
lands of epithelial 
tissue as large as 
glomeruli (islands?) 


Extensive sub- 
acute 
pneumonia ; 
miliary abscess ; 
mucopurulent 
bronchitis and 
bronchiolitis 


broncho-} 


Marked fatty 
changes 


Glycosuria during last 
2 mo. of life 


Fibromatosis of pan- 
creas; cyst forma- 
tion of acini; large, 
well-preserved is- 
lands of Langerhans 


Bronchiectasis 
with secondary 
purulent bron- 
chitis; partial 
atelectasis 


Fatty degen- 
eration 


Died at 10 mo. 
of broncho- 
pneumonia 


Cystic dilatation of 
acini and _ outlet 
ducts; marked fibro- 
matosis; well pre- 
served islands of 
Langerhans; 
creased in number 


Sacculated bron- 
chiectasis of 
both lower lobes 


Atrophy of thymus; 
cough resembled per- 
tussis. Stool had 
52% nitrogen and 
50% fat of feedings. 
(See Thaysen.) 


Died of grippal 
pneumonia at 
414 yr. 


Connective tissue in- 
filtration; atrophic 
acini; dilatation of 
ducts ; well-preserved 
islands of Langer- 
hans 


Grippal pneu- 
monia, details 
not given 


Diffuse, fatty ; 

large drop- 
lets, infiltra- 
tion, begin- 
ning cirrho 
sis 


Died of bilat- 
eral lobular 
pneumonia at 
24 yr. 


Atrophie acini; nor- 
mal islets 


Bilateral lobular 
pneumonia ; 
pleural exudate 


“Alive 


Fatty cirrho- 
sis 


Nontropical sprue in 
an adult 


Nontropical sprue. 
Respiratéry symp- 
toms antedate intes- 
tinal 


Died at 3% yr. 
of generalized 
tuberculosis 


Pancreas a mass re- 
sembling fat; acini 
gone except for few 
near islands; latter; 
few but normal 


Not given 


Fatty degen- 
eration in- 
volving all 
zones least 
near portal 
area 


Tubere. probably an 
intercurrent  infec- 
tion. Adherence of 
pancreas suggested 
fat replacement or 
underdeveloped pan- 
ereatic tissue. 24% 
of stool-fat, 65% 
unsplit 
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YEAR | 


1938" 


TITLE OF 


CHIEF SYMPTOMS OR SIGNS 
APPROXIMATE AGE OF ONSET 


TION WHERE INTESTINAL RESPIRATORY 
INDICATED ) 
Harper Same Fatty, green Bronchopneu- None 


stools; 5-10 
daily since birth 


monia at 2% 
mo. 


Harper 


Same 


Foul stools from 
birth, no weight 
gain 


Bronchopneu- 
monia 


None 


28 


1938 


Harper 


Same 


Bulky, pale, oily 
stools, 6 daily 
from birth 


Subject to at- 
tacks of bron- 
chitis 


None 


15 mo. old 


29 1938 | Harper Same Pale, green or| Developed bron- 
creamy yellow,| chopneumonia brother is 
rancid, bulky during first 6) passing fatty 
stools from mo. of life stools and is 
birth subject to fre- 
quent attacks 
of bronchitis 
30 1938 | Harper Same At 3 mo. large,| Bronchopneu- None 
foul smelling monia at 8 mo. 
stools 
31 1938 | Harper Same Bulky, oily stools} Frequent attacks) None 
at 3 mo. of bronchitis; 
pneumonia twice 
32 1938 | Harper Same Large, offensive,| Prolonged illness} None 
pale stools, 6) with pneumonia 
daily since the 
age of 5 wk. 


1938 


Rauch, Congenital fa- 
Litvak, milial steator- 
and rhea with fi- 
Steiner bromatosis of 


the pancreas 
and bronchio- 
lectasis 


Large, slimy 
diarrheal move- 
ments from 
birth 


Wheezing since 
the age of 2 
mo. Croupy 


Brother 2% yr. 
old with simi- 
lar condition 


paroxysmal 
cough at 6% 
mo. 


Rauch, 
Litvak, 
and 
Steiner 


Same 


4-6 stools daily, 
some foul smell- 
ing, some 
watery since 1 
mo. of age 


Persistent cough 
since birth, be- 
coming parox- 
ysmal at 9 mo., 
followed by fre- 
quent bouts 


condition 


Sister, 744 mo., 
died of similar 
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Died at mo. 
of broncho- 
pneumonia 


POST-MORTEM FINDINGS 


PANCREAS 


LUNGS 


LIVER 


REMARKS 


Pancreas small; 
acinar cells small, 
duets distended with 
albuminous material ; 
islets, small, normal 


Bronchopneu- 
monia, details 
not given 


Patchy, fatty 
infiltration 


Immaturity affecting 
acinar cells with 
compensatory  fibro- 
sis in stroma; 57% 
of dried feces was 
fat, 82% was unsplit 


Died of bron- 
chopneumonia 
at 7 mo. 


Small, distended 
acini; ducts dis- 
torted and distended 
with albuminous ma- 
terial; islets small, 
normal; marked in- 
tralobular and inter- 
lobular fibrosis 


Bronchopneu- 
monia, details 
not given 


Immaturity of pan- 
creas with fibroid 
hyperplasia. 59% of 
stool was fat, 3% of 
which was unsplit 


Died of bron- 
chopneumonia 
at 13 mo. 


Acini few, widely sep- 

arated by stroma; 
acinar cells normal; 
duets not dilated; 
islets conspicuously 
large, stroma super- 
abundant 


Pneumonia, de- 
tails not given 


Not men- 
tioned 


Appearance of pan- 
creas suggests pic- 
ture of immaturity. 
40.8% of feces was 
fat, 12% of which 
was unsplit 


Died of bron- 
chopneumonia 
in second half 
of first year 


Died at 8 mo. 
of broncho- 
pneumonia 
Died at 4% yr. 
of broncho- 

_ pneumonia 
Died at 3 years 
of pneumonia 


No post-mortem 


No post-mortem 


Urine  oceasionally 
showed small quan- 
tities of sugar. 47% 
of feces was fat, 
63% was unsplit 


No post-mortem 


No post-mortem 


No post- 
mortem 


45% of feces was fat, 
60% unsplit 


No post-mortem 


No post-mortem 


No post- 
mortem 


71% of feces was fat, 
39.5% unsplit 


Small, nodular, nu- 
merous semitrans- 
parent cysts of pin- 
head size; marked 
atrophy of acini with 
dilatation of ducts; 
islets relatively neor- 
mal 


No mention 


44% of feces was fat, 
59% unsplit 


‘Died at 7 mo. 
of broncho- 
pneumonia 


Intralobular and in- 
terlobular _ fibrosis; 
acini scant; ducts 
distended and filled 
with pink-staining 
material; isles of 
Langerhans large 
and well preserved 


Bronchitis; bron- 

chiolitis; puru- 
lent bronchio- 
lectasis; focal 
pneumonia 


‘Died at 2% yr. 
of broncho- 
pneumonia 


No post-mortem 


Fatty changes 


Had pertussis-like 
eough; glycosuria 


Pertussis-like parox- 
ysmal cough. As- 
thmatoid bronchitis 
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toms. It is our belief that there is no cause-and-effect relationship be- 
tween them. We are of the opinion that their association is based on 
a common etiological factor, namely, a congenital anomaly of the lungs 
and the pancreas. Discussing first steatorrhea, Garrod and Hurtley*® 
felt that their patients were the subjects of a rare inborn error of fat 
absorption, probably a Mendelian recessive characteristic. While their 
investigation did not determine for them where this error lay, it was 
perhaps beeause they did not inelude post-mortem studies. Passini*’ 
suggested, becatse of the rapid succession of the birth of two of his 
patients, that a familial congenital change in the vital organs might 
have been produced. Pipping* believed that some constitutional anom- 
aly was the basis of the disease, pointing to the central nervous system 
and a constitutional inferiority in his cases. Burghard** and Harper** 
both suggested that the steatorrhea was due to a failure of normal 
development of the pancreas in utero. 

In considering the defects of the lungs and pancreas as congenital 
anomalies, it would be well to refer to their embryologic development. 
Their anlages are derived from a common entodermal tube, in relatively 
close proximity of each other, and they begin to appear at nearly the 
same time. The anlage of the respiratory organs appears in the 5 mm. 
embryo as a groove in the floor of the entodermal tube just caudad to the 
pharyngeal process. The entodermal anlage of the lungs and trachea 
is developed in a median mass of mesenchyma dorsal and cranial to the 
peritoneal cavity. The terminal branches of the bronchi are lined with 
entodermal cells. The air cells or alveoli of the lungs begin to form 
in the sixth month. Elastic tissue appears during the fourth month in 
the largest bronchi. The abundant connective tissue found between the 
bronehial branches in early fetal life becomes reduced in its relative 
amount as the alveoli of the lungs are developed. The compact fetal 
lung tissue resembles that of a gland in structure becomes light and 
spongy owing to the increase in size of alveoli and blood vessels. 

Two pancreatic anlages are developed almost simultaneously in em- 
bryos of 3 to 4 mm., a dorsal from the duodenal wall and a ventral be- 
tween the hepatie diverticulum and the gut. Both form ducts. In 
embryos of 20 mm. the tubules of the dorsal and ventral anlages inter- 
lock. Eventually anastomosis takes place between the two ducts. In 
fetuses of 40 to 50 mm. the alveoli of the glands are developed from 
the duets as darkly staining cellular buds. The islands also bud from 
the ducts and alveoli appear first in the tail at 55 mm. Kartagener 
and Horlacher,** in describing cases of familial bronchiectasis with situs 
inversus and polyposis, presented much evidence to support the argu- 
ment for the congenital hereditary nature of bronchiectasis with mal- 
formation of the pancreas. Fanconi and his associates** believed that 
bronchiectasis with malformation of the pancreas and chronic nutri- 
tional insufficiency was both congenital and hereditary. 
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Scheidegger*® felt that widening of bronchi present before birth re- 
sults from a failure of development of the anlage of the respiratory or- 
gans. Heller,®° quoted by Scheidegger, came to the conclusion that in 
atelectatie lung tissue the alveoli almost disappear, while the bronchi 
become wider as a result of the lack of back pressure from air-contain- 
ing alveoli. It has been pointed out that connective tissue is abundant 
early in fetal life in the lungs and probably also in the pancreas. In 
this connection it might be stated that the reports of the pathologic 
findings in the pancreas in Harper’s cases stressed the fact that the 
indications were those of an immaturity affecting primarily the acinar 
cells, with compensatory fibrosis most conspicuous in the alveolar stroma, 
and signs of degeneration. It is worthy of note, too, that Greenberg*’ 
in 1933, attempting to reproduce celiac disease experimentally in young 
animals by excluding the external secretion from the intestines, suc- 
ceeded in securing a condition more nearly resembling that of congenital 
pancreatic insufficiency. The earliest changes two weeks after ligation 
of the duets were degenerative processes in the acinar cells of the pan- 
creas, a marked infiltration of mononuclear cells, and a slight increase 
in connective tissue. In later stages the amount of connective tissue 
steadily increased, the number of infiltrating mononuclear ceils dimin- 
ished, and the acinar tissue was hardly recognized as such. In the 
final stage of fibrosis, six to ten weeks after operation, the gland was 
completely replaced by connective tissue except for the islands of Langer- 
hans which persisted throughout. All the organs appeared normal. 
No keratinization was noted in the trachea, bronchi, or esophagus. 

It is conceivable that somewhere in the development of both pancreas 
and lungs, as a result of budding from their original ducts, a constric- 
tion of some of the excreting ducts (bronchial passages) may occur. 
The result would be a picture resembling both the experimentally pro- 
duced obstruction, and post-mortem findings in reported eases. Dela- 
field and Prudden™ described retention cysts of the pancreas due to 
obstruction of the duct of Wirsung from within by a concretion or from 
without, which may involve the entire passage in dilatation; or the 
smaller tributary ducts alone may be dilated, perhaps from the presence 
of chronic fibrotic changes in the organs so as to form a number of 
small eysts. The intensity of symptoms and the duration of life would 
depend, among other things, upon the degree to which the structure of 
the organ was anomalous, and on the number and kinds of infection 
to which the patient was exposed. That an anomalous organ is highly 
susceptible to noxious influences is well known. 

The presence of repeated bronchitis, purulent bronchiolitis, abscess 
formation, and empyema could thus be accounted for without invoking 
the theory of direct damage by irritating substances, the products of 
abnormal digestion, carried to the lungs by way of the blood stream. 
This suggestion has been made by Parmelee,** and earlier by Herter,‘ 
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Poynton and his group,’ and Still* to aecount for the complications of 
the celiae disease. Against Parmelee’s other suggestion,”* namely, the 
deprivation of a fat-soluble vitamin owing to defective absorption of 
fats, resulting in lowered resistance to infection, is the absence of any 
visible evidence of hypovitaminosis A clinically and pathologically. 
While the deficiency of vitamin A has been reported (Schick and 
Wagner*’), this has been the exception.* The presence of cough from 
birth in our Case 2 and its appearance shortly after birth in Case 1 
lend further support to the theory of the independence of the respira- 
tory symptoms from the digestive disturbance. 

Several other minor points are worthy of mention. The familial 
incidence of the steatorrhea occurred also in cases reported by Poynton 
and his collaborators,’ Fanconi and his associates,** Pipping,** Passini,”° 
Soecknick and Thoenes,** Garrod and Hurtley,> and Harper.** While 
Haas™ has referred to a similar incidence in celiae disease, it would be 
interesting to reanalyze his series to determine if any of his cases could 
be classified with the pancreatogenous steatorrheas. 

The suspicion of tuberculosis to account for the clinical picture in 
our eases was also entertained by both Huet* and Burghard,* and 
presumably excluded ante mortem by negative intradermal tuberculin 
tests, and post mortem by the absence of the specifie pathology of this 
disease. 

Another very remarkable phenomenon was the striking resemblance 
of the cough in both children to that of pertussis. There were paroxysms, 
suffusion of the face and eyes, and cyanosis, but rarely vomiting and 
never the characteristic whoop. Nor did the laboratory evidence sup- 
port this diagnosis. The patients of Burghard** and Fanconi and co- 
workers** had similar coughs, as well may have had those patients 
classed as ‘‘influenzal’’ or ‘‘grippal’’ pneumonia described by Moor- 
head,®* Garsche,*® and Hess and Saphir." 

The transitory presence of glycosuria in our first case is a rare, but 
not undeseribed, occurrence. This was present in the patient of Garrod 
and Hurtley,® although they laid no great stress upon it. Bramwell*° 
quotes a ease of Moorhead’s™ that exhibited this feature. A similar 
experience was noted by Parmelee in one of his patients and by Harper** 
in one of hers. While Burghard® remarked that he had not found it 
in his own ease, he quotes Koérte as having observed it in 8 out of 119 
eases of disturbances of the pancreas, excluding diabetes mellitus. 
Poynton and Cole® in 1925 reported a patient 6 years 9 months old as a 
ease of celiac disease with glycosuria. Although the ordinary tests 
showed no evidence of pancreatic insufficiency, the facts that in the 
beginning the urine became sugar free with dietary regulation alone 
in so young a child and that the celiae syndrome had its onset at three 
months suggest that they may have been dealing with a pancreatog- 


*Since the completion of this paper, Dr. Dorothy Andersen has referred to several 
other cases showing vitamin A deficiency (Am. J. Dis. Child. August, 1938). 
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enous steatorrhea. The authors proposed the possibility that chronic 
irritation of fatty stools with a high percentage of fatty acids brought 
about an attack of an acute gastroenteritis during which poisons ab- 
sorbed from the intestines acted on the islets of Langerhans. Thaysen* 
has emphasized that in many eases of pancreatogenous steatorrhea the 
sugar tolerance curve may approach the diabetic type. Encroachment 
of fibrous tissue on the island of Langerhans might explain this phe- 
nomenon together with the glycosuria, but could not account entirely 
for the rarity and transitory nature of the latter. 

The significance of the fatty changes in the liver present in our Case 
1 together with similar changes, and in some instances early cirrhosis 
reported in the eases of Poynton, Armstrong and Nabarro,® Clarke and 
Hadfield,*! Pipping,** Mautner,** Burghard,** Siwe,** Huet,** Hess and 
Saphir,** Parmelee,** Fanconi, Uehlinger and Knauer,** Lucksch and 
Sachs,*° and Harper,”* is not clear. Still* found the liver to be normal 
on section in eases of celiac disease. Whether fatty liver with cirrhosis 
should be considered as a process secondary to the pancreatic insuffi- 
ciency or like the pulmonary and pancreatic abnormalities, an inde- 
pendent phenomenon and part of the syndrome, is difficult to decide. 


SUMMARY 


Two eases of congenital familial steatorrhea with fibromatosis of the 
panereas and bronchioleetasis are presented, one with post-mortem 
findings. 

The past and present concepts of the terms ‘‘steatorrhea’’ and the 
‘“‘eeliae syndrome’’ are described. 

The steatorrheas are classified as the idiopathic variety, including 
celiac disease, and the pancreatogenous. Into the latter division fall most 
of the eases reported in the literature, which begin soon after birth, 
are refractory to treatment, and show characteristic post-mortem changes 
in the pancreas. This includes one and presumably the other of our 
cases. 

Suggestions for the recognition of these cases are offered. 

The association of respiratory symptoms and pulmonary findings with 
the steatorrheas is discussed, and the reasons for considering the path- 
ologie phenomena of both pancreas and bronchi to be based on con- 
genital anomalies are given. 

The appearance of symptoms from birth, the familial incidence of 
the disease, the characteristic pertussis-like cough, the presence of tran- 
sitory glycosuria, and the finding of fatty changes in the liver are men- 
tioned. 


The authors wish to acknowledge their thanks to Dr. Benjamin Kramer for the 
valuable suggestions and constructive criticism he gave in preparing this paper. 


Nore.—Since this paper was completed the article of Dr. Dorothy H. Andersen, 
‘‘Cystie Fibrosis of the Pancreas and Its Relation to Celiac Disease,’’ and that of 
Dr. John Thomas and Dr. F. M. Schultz, ‘‘ Pancreatic Steatorrhea,’’ appeared in 
the August, 1938, issue of the American Journal of Diseases of Children. 
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TREATMENT OF RICKETS AND TETANY WITH A SINGLE 
MASSIVE DOSE OF VITAMIN D 


Viramin D SHock THERAPY 


HERMANN VOLLMER, M.D. 
New York, N. Y. 


N 1928 I' reported that it is possible to prevent and cure rickets in 
rats with one single subeutaneous or peroral dose of 1 mg. of irradi- 
ated ergosterol, i.c., more than a thousand times the effective single 
daily dose. These experiments showed that the rachitie rat is capable 
of retaining from a single massive dose as much vitamin D as is neces- 
sary for the prevention and cure of rickets. 

In addition, six rachitic infants were treated with total amounts of 
70 to 120 mg. of irradiated ergosterol, divided into several doses and 
administered subcutaneously as well as orally. In order to avoid un- 
toward effects, only fourteen to twenty-four times the effective daily 
dose was used, as compared with the thousand fold single dose which was 
administered to rats. Nevertheless, the rickets was cured by this therapy, 
although the speed of healing was not impressive or even satisfactory. 
Since in 1928 and the following years the available vitamin D prepara- 
tions contained toxic by-products, for instance toxisterol, it was not 
justifiable to continue these experiments or to increase the doses. 

In 1929 Petényi? repeated my clinical experiments in several rachitic 
children and observed that the healing process began after three days 
and was completed within seventeen days. Subsequently Géttche,® * in 
1930, treated eleven children, nine of them with 100 mg. of devitol (eal- 
culated by him to contain about 750,000 international units vitamin D) 
and two with 50 mg. of devitol. The smaller doses proved to be insuffi- 
cient. Of the nine children treated with the larger doses, however, five 
were completely cured, and four showed a delayed or unsatisfactory re- 
sponse to this ‘‘shock therapy’’ (Stosstherapie ). 

Several years later, particularly through the studies of Windaus and 
Holtz, a further purification of vitamin D was achieved. The elimina- 
tion of toxisterol from the irradiated ergosterol resulted in a purer, more 
effective, and nontoxic preparation which was first named vitamin D,, 
and subsequently vitamin D,. The formula is as follows: 


CH—CH—CH—CH—CH—CH, 
H,C¢ | 
CH, CH, 
HC| | | 
\Z 


From the pediatric service of the Mount Sinai Hospital (chief of staff, Dr. Béla 
Schick), New York. 
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With this pure, nontoxic product, any objection to further investigation 
of the single dose treatment was removed. 

Since 1936 Harnapp,® Schirmer,® Bischoff,’ Braulke,* Windorfer® and 
I resumed this clinical investigation. More than 150 rachitie and tetanic 
children were successfully treated. Table I summarizes the reports in 


the literature. 


TABLE I 
AUTHOR AND| NUMBER | PREPARA- | TOTAL 5 ae DAM- 
YEAR OF CASES| TION | DOSE _ 
Vollmer |vigantol 70-120 mg.| 100,000- /none | Slow healing. 
1927, 1928 180,000 
Petényiz (‘‘sev-  j|vigantol 100 mg. 150,006 | none | Good. 
1929 eral’’ | 
Gittches 9 devitol 100 mg. 750,000?* |none | Prompt or delayed, 
1930 2 devitol 50 mg. (150,000) | none unsatisfactory. 
375,000 ?* 
(75,000) 
Harnapp5 15 vitamin 12-15 mg. 600,000- |none | Accelerated  heal- 
1936 D, 750,000 ing in rickets 
(480,090- and tetany. 
600,000) 
Schirmer 30 vitamin 0.2-0.5 e.c. | 240,000- | none | Prompt or insuffi- 
1936 Dx 600,000 cient. 
Bischoff? 10 vitamin 15 mg. 600,000 |none | Prompt, no recur- 
1937 D, rence. 
Braulkes’ 50 vitamin 15 mg. 600,000 | none | Accelerated _heal- 
1937 D, ing, not dis- 
turbed by infec- 
tions. 
Windorfer® 21 vitamin 6-15 mg. 240,000- | none | Good. 
1938 D, 600,000 
Harnapp5 11 vitamin 7.5-15 mg. | 300,000- | none | Good only with 10 
1938 | D,t 690,000 and 15 mg. 
Vollmer |**Ertron’’|12 eap- 600,000 |none | Prompt, good re- 
_ 1938 sules sults. 


*This calculation seems to be erroneous. The result of my calculation is 100 mg. 
devitol = 150000 units; 50 mg. = 75,000 units. 

*Vitamin Ds is produced by irradiation of 7-dehydrocholesterol which represents 
the provitamin of Ds. Vitamin Ds is found in cod-liver oil, not in irradiated ergosterol. 

In the second half of the winter 1937-1938, I treated six cases of 
rickets and tetany with a single massive dose of vitamin D. The prep- 
aration ‘‘ertron’’ from the Nutrition Research Laboratories, Chicago, 
was used.* This contains 50,000 international units vitamin D per cap- 
sule. Since the 600,000 units which were usually administered make 
considerable bulk, the powder was divided into two parts and emulsified 
in two consecutive bottles of milk, usually administered on the same day. 
As examples, three clinical reports with x-ray and laboratory data are 
given. 

Case 1.—A six-month-old colored boy who was well until a week before admis- 
sion Jan. 25, 1938, developed a cold and running nose. For three days before 
admission the child had a dry cough and slight fever. The patient had been fed 


*Pure crystalline vitamin Dz in concentrated solution is preferable. It was used 
with the same favorable results in 7 additional cases of rickets and tetany in the 
winter of 1938-1939. 
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, 12 days after treat- 
5, (3/10/88) Complete 


/25/38) Healing, 19 and 


,000 units of vitamin D, January 28. 


, (2/9/38) Healing in progress 
3 and 4, (2/16/38 and 2 


2 
yses. 


ph 
y increasing density of lines of calcification. 


, before treatment. 


g new line of calcification in meta 
graduall 
eatment. 


Roentgenograms of patient treated with 600 


J, (1/27/88) Active rickets. 


Fig. 1.—Case 1. 
ment, showin 


28 days after treatment; 
healing, 41 days after tr 


on nonirradiated evaporated milk, had never received breast milk, but had received 
2 teaspoonfuls of orange juice daily for two months before admission, and 1-2 


teaspoonfuls of cod-liver oil daily for one month before admission. The child had 
had very little exposure to sunlight, and there were no other sources of vitamin D. 

Physical examination showed a malnourished child, breathing rapidly and _ shal- 
lowly. The anterior fontanel was wide open; the posterior portion of the sagittal 
suture and a small portion of the posterior fontanel were still open. Definite 
eraniotabes, prominent rachitic rosary with slight depression of the sternal plate, 
and slight flaring of the costal margin were present. The legs bowed anteriorly 
to a slight degree. There were wheezes and rales in the lungs; the pharynx was 
reddened. The urine was negative, the Schick test, positive. Mantoux, Pirquet, tuber- 
culin patch test and the Wassermann test were all negative. Hemoglobin was 
78 per cent, red cell count 3,800,000, and white cell count 12,000 with 80 per cent 
polymorphonuclears. 
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Serum phosphorus was 3.5 mg. per cent; calcium, 7.7 mg. per cent. X-ray 
(Fig. 1) showed general decalcification of the bones with cupping and irregularity 
of the metaphyses and slight periosteal changes. 


The therapy used was 600,000 international units of vitamin D, in. two doses, 
administered January 27 and 28. : 


TABLE IT 
COURSE 


X-RAY 
(FIG. 1) 
1/27/38 Severe rickets Active rickets 
1/27 and 600,000 units vitamin 
28/38 D (ertron) by mouth 
2/ 1/38 Happy, active 
2/ 9/38 Good condition Marked calcification 
2/14/38 Good condition 
2/16/38 No craniotabes Zone of provisional 
calcification wel] 
ealcified 
2/25/38 10.9 7.2 
3/10/38 Good condition 10.4 6.0 


DATE CLINICAL SYMPTOMS 


Summary.—A case of severe active rickets in a 6-month-old colored 
boy was treated with 600,000 units of vitamin D in two doses. Within 
four days (or earlier) the low phosphorus and calcium levels rose to 
normal values. After twelve days (or earlier) distinct roentgenographie 


evidence of healing rickets was present, several roentgenograms (Fig. 1) 
showed continuous improvement and complete healing within 41 days. 
Since the second day after the treatment, the boy was happy and active, 
took his feedings well, gained weight. The craniotabes disappeared 
within 19 days. 


Case 2.—A 12-day-old male infant, born normally. Began, two days before ad- 
mission, to have very frequent generalized twitching of the facial muscles, the arms 
and the legs, associated with regurgitation of a small amount of the previous feed- 


Taste IIT 


COURSE 


SERUM 
CA 
3/11/38 General convulsion; Chvostek +++. 6.0 
5 ec. of 10% calcium gluconate 
3/12/38 Convulsion, Chvostek +/+. 
A.M. 
3/12/38 600,000 units vitamin D by mouth 
P.M. 
3/13/38 No convulsion or twitching 
3/14/38 Quiet, sleeps and drinks well 
Cnvostek, peroneal, Trousseau, all negative -- 
3/15/38 Good condition 11.2 
3/18/38 Good condition 10.6 
Phosphatase : 
4 King-Arm- 
strong units 


DATE CLINICAL SYMPTOMS 
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ing. There was no evidence of any dietary inadequacy in either the mother or 
the child. The child was admitted to the hospital March 11, 1938. 

Physical examination showed a normally developed infant. There were frequent 
convulsive seizures lasting about 3 minutes, particularly when the infant was dis- 
turbed. These consisted of generalized twitching of all extremities, the mouth and 
eyelids. There was no definite carpopedal spasm. An inconstant Chvostek sign 
and a negative Trousseau sign were noted. The urine was negative; the hemoglobin, 
125 per cent; the blood sugar, 70 mg. per cent; and the serum calcium, 6.0 mg. 
per cent. X-ray films of the long bones showed increased density and lack of defi- 
nition of the trabecular structure in the metaphyseal ends. 

The therapy instituted was 5 ¢.c. of 10 per cent calcium gluconate intramuscu- 
larly, March 11; 600,000 units vitamin D by mouth, March 12, at 6 and 10 P.M. 


Summary.—Neonatal low calcium tetany was found in a 12-day-old 
infant. The generalized twitching was not controlled by calcium 
gluconate and recurred the following day, before 600,000 units vitamin 
D were given by mouth. After this therapy the twitching did not re- 
appear. Within two days the Chvostek sign had disappeared; within 
three days the serum ealcium had risen from 6.0 to 11.2, with the serum 
phosphorus as high as 7.1 mg. per cent. The infant was comfortable, 
slept and took his feeding well, and was discharged at the end of nine 
days. No additional calcium or acid therapy was given, except on the 
day of admission. 


Case 3.—A 5-month-old infant had a history which was entirely negative; she 
was born normally and was breast fed for three months. For two months before 
admission she had been receiving evaporated milk, no orange juice, and no cod- 
liver oil. One week before admission she developed an upper respiratory infection. 
The night before admission she became irritable and fretful, and on the morning 
of admission she had a generalized convulsion, opisthotonus with extension of the 
arms and legs. The child was admitted to the hospital Feb. 19, 1938. 

Physical examination showed a child with marked craniotabes and slight bead- 
ing of the costochondral junctions. The Chvostek reflex was equivocal, and the 
Trousseau sign, negative. There was some reddening of the pharynx. The urine 
showed one-plus albumin, and 15 white blood cells per low powered field. Wasser- 
mann, Schick, Mantoux, Pirquet tests and tuberculin patch test were ‘all negative. 
Hemoglobin was 78 per cent; red blood cells, 4,920,000; white blood cells 6,800 
with 58 per cent polymorphonuclears. The serum calcium was 6.5 mg. per cent; 


TABLE IV 
COURSE 


DATE CLINICAL SYMPTOMS 


2/19/38 a.M. Generalized convulsion 

2/19/38 P.M. 600,000 units vitamin D by mouth 
2/21/38 Chvostek, negative 

2/23/38 Good condition 

3/ 5/38 No craniotabes 


SERUM 
CA P 
6.5 5.5 
7.5 5.7 
8.6 
_ 10.9 6.9 
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the serum phosphorus, 5.5 mg. per cent. X-ray films of the skull, long bones, and 
chest did not show any abnormalities. 


The therapy employed was 600,000 units vitamin D by mouth, February 19. 


Summary.—This was a case of low calcium tetany with generalized 
convulsions in a child with rickets. Tetany was precipitated by an upper 
respiratory infection. On the day of admission the child received 
600,000 units vitamin D by mouth. Thirty-six hours after admission the 
caleium had risen from 6.5 to 7.5 mg. per cent; Chvostek sign was defi- 
nitely negative; after the vitamin D therapy no recurrence of convul- 
sions was observed. The serum calcium rose gradually up to 10.0 mg. 
per cent on the fourteenth day. The phosphorus remained on normal 
level, increasing from 5.5 to 6.9 mg. per cent. The craniotabes disap- 


peared within sixteen days. The child was in good condition. 


DISCUSSION 


1. Curative Effect—(a) In Rickets: A single dose of 600,000 inter- 
national units of vitamin D cures rickets in a relatively short time. Very 
early, one to three days after the administration, a change takes place in 
the general condition and the mood of the child. He becomes happy and 
active—an observation which is also stressed by Schirmer,® Bischoff,’ 
Braulke,* and Windorfer.’ The craniotabes disappears within two to 
three weeks, although improvement may be observed as early as the 
first week. 

In eases in which the serum phosphorus level was determined early, 
it was found normal within four days. In all the other cases it was 
normal when the first determination was made—six to nine days later. 
The values sometimes exceeded 7 mg. per cent. Accordingly, the vitamin 
D shock therapy seems to increase the serum phosphorus in a shorter 
time than the usual treatment with daily small doses. Hypernormal 
values of serum phosphorus usually decline in two to four weeks after 
the treatment, but remain high normal or normal for several weeks. The 
speed in the rise of phosphorus seems to depend on the vitamin D dosage. 
Serum calcium, when low, reaches or exceeds normal values within two 
to four days. 

The roentgenographie evidence of calcification in the long bones ap- 
pears earlier than with the usual method of vitamin D therapy or with 
ultraviolet irradiations. Our x-rays usually were taken too late to dis- 
cover the very first appearance of recalcification, the speed of which 
exceeded our expectation. In Case 1 the second roentgenogram, taken 
twelve days after the treatment, already showed advanced ossification. 
Forty-two days after the vitamin D shock therapy, this child showed 
roentgenographie evidence of complete restitution of the rachitie defects 
of the long bones, the former rachitie process being indicated merely 
by the transverse line (Fig. 1). In a ease of seurvy with rickets com- 
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bined vitamin C and D therapy brought about distinct ossification of the 
subperiosteal hemorrhage within five days. Calcification proceeded rap- 
idly, became very dense, and was completed after about four weeks. 
Petényi,? Schirmer,’ Braulke,* and Harnapp,*® observed accelerated 
roentgenographiec ossification with the vitamin D shock therapy as com- 
pared with the previous method. Harnapp and Braulke followed some 
of their patients over a period of five months and did not observe any 
recurrence of the rachitie process. 

(b) In Infantile Tetany: The effect of the single dose treatment of 
infantile tetany is striking. Without any additional therapy—for in- 
stance acid, ammonium chloride, calcium, or sedatives—general convul- 
sions do not reappear after the administration of 600,000 units of vita- 
min D. The signs of mechanical hyperirritability disappear within two 
days. In Braulke’s experience,* it took as long as five days in only a 
few cases. The rapid rise of the serum calcium is the most impressive 
effect. In Case 2 (neonatal tetany) there was a rise from 6.0 to 11.2 mg. 
per cent within sixty hours, all clinical symptoms subsiding during the 
first day. All other authors agree in stressing this immediate increase 
of serum calcium to normal or hyperealeemic values up to 13.5 mg. per 
cent. Our figures, however, did not exceed 11.2 mg. per cent, the differ- 
ence probably depending upon the purity of the vitamin D preparation. 
Undoubtedly, no other therapy has such an immediate and lasting effect 
as the treatment with a single massive dose of vitamin D. 

2. Indications—The question arises whether this vitamin D shock 
therapy is definitely superior to the previous method and, if so, in what 
type of case. Géttche® and also Windorfer® question its superiority in 
the treatment of uncomplicated rickets. Other authors were not satisfied 
with the results in several such cases—an opinion which I shared ten 
years ago. I have since realized that it is a matter of dosage. This will 
be discussed later. 

Surveying all reports in the literature and my own recent experience, 
I conclude that the following are definite indications for vitamin D 
shock therapy : 

1. neonatal and infantile tetany 

2. severe rickets 

3. pneumonia or pertussis associated with active rickets 

4. chronic infections associated with rickets—since every chronic 
infection seems to impair materially the utilization of vita- 
min D 

. indifference or unreliability of the parents of a rachitie or 

tetanie child. 

3. Contraindications and Toricity—No contraindication seems to 
exist. Vomiting and diarrhea may interfere with the precision of dosage. 


498 THE JOURNAL OF PEDIATRICS 


When the vomiting occurs, an indeterminable portion of the drug may be 
lost; if diarrhea occurs, the absorption of vitamin D is impaired to an 
uncertain extent; but both these conditions are considered also to be 
contraindications for the treatment with daily vitamin doses—the drug 
usually being discontinued until the disturbance subsides. 

No evidence of toxicity or damage has been observed in our eases, and 
none by the other authors. The vitamin D shock therapy seems to be 
entirely harmless. Nonrachitiec adults with arthritis have taken daily 
doses of 200,000 to 1,000,000 and even more units over a period of weeks, 
months, and years, and only very few of these have at some time mani- 
fested evidence of toxicity. The symptoms observed in these patients 
were nausea, increased frequency of urination (pollakiuria), lassitude, 
anorexia, polydipsia, diarrhea, griping pain in the gastrointestinal tract, 
and vomiting. These manifestations disappear as soon as the drug is 
discontinued, without resulting in permanent cellular injury (Dreyer 
and Reed’®; Wyatt, Hicks, and Thompson"; Livingston,”; Farley’; 
Steck'*). This should be known and borne in mind despite the fact that 
no toxie symptoms ever occurred among 150 or more infants and 
children treated with one single massive dose of vitamin to date. More- 
over, toxic effects are due rather to toxie by-products (particularly 
toxisterol and dihydrotachysterol) than to the vitamin itself and will 
gradually be eliminated with the purification of vitamin D prepara- 
tions. The therapeutic index of pure erystalline vitamin De is as 
much as 1:3,500; ie., only the 3,500 fold effective single dose may 
cause toxic symptoms. The dosage used, however, is far below this 
amount. 

Electroeardiographie examinations, carried out by Schirmer® and 
Opitz,’ did not reveal any pathology following vitamin D administra- 
tion. On the contrary, the typical electrocardiographie changes in 
tetany, as deseribed by Schiff, Doxiades and Vollmer’® and Aschenbren- 
ner and Bamberger,’ disappear after vitamin D shock therapy with the 
eure of the underlying disease. 

4. Dosage and Form of Application.—In 1927 and 1928, when my first 
experiments were carried out, the vitamin D preparations were not yet 
standardized. Subsequently, methods of standardization were repeat- 
edly changed, thus confusing all quantitative considerations. In Table 
I, I tried to ealeulate by conversion the value of the various preparations 
in international units. 

It is evident that the results of the single dose treatment depend, first 
of all, upon the dose. Doses below 200,000 units do not produce a certain 
and prompt effect; 200,000-400,000 units may be sufficient in younger 
infants and in eases of mild rickets and tetany, provided that no com- 
plication impairs the utilization of the vitamin. Doses of 600,000 inter- 
national units of vitamin D resulted, without any exception, in an un- 
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usually prompt cure of even severe rickets and tetany, unimpaired by 
the presence of acute or chronic infection. 

The question arises whether 600,000 units is the optimum dose for 
every condition and every age. The most dramatic success was obtained 
in a 12-day-old infant (Case 2) for whom according to body weight, half 
the dose necessary for a 5- or 6-month-old baby should be sufficient. 
This makes me believe that the optimum is above 600,000 units for in- 
fants older than 3 months old and that still better results may be 
achieved with higher doses. 

These doses are given by mouth, the most simple and effective way of 
administration. Since vitamin D is better utilized when incorporated 
in milk (Hess'* and J. M. Lewis’), the single dose should be so adminis- 
tered. Care should be used that no active substance is lost by adhesion 
to the bottle or other receptacle. 

In my first publication it was proved that rickets in rats ean be pre- 
vented and cured not only by oral but also by subcutaneous and intra- 
peritoneal administration of irradiated ergosterol in oil. Previously, 
Hess and his co-workers,”° and B. Kramer and his associates** came to 
the same conclusion. I have also treated three rachitie children with 
subeutaneous injection of 70-80 mg. of irradiated ergosterol. All of 
them were cured, but the healing process was delayed, obviously more 
because of the insufficient dose than the parenteral administration. 

Undoubtedly, vitamin D is effective also when given subcutaneously 
or intramuscularly. The subeutaneous vitamin D shock therapy may 
be useful in certain cases or for certain purposes. For the general use, 
however, the peroral method is preferable. 

5. Prophylactic Effect—The prophylactic efficacy of a single dose of 
vitamin D in rats has been proved by the author’ in 1927-1928. Peroral 
as well as subcutaneous or intraperitoneal administration of a single 
dose of 1 mg. irradiated ergosterol, i.e., the thousand fold effective daily 
dose, prevented the development of rickets in all cases in rats kept on 
a rachitogenie diet. 

Recently, Harnapp® reported studies in prophylaxis in 41 infants 
and premature infants with single peroral doses of 5, 10 or 15 mg. 
of vitamin D, or D,, respectively. His results are very encouraging. 

This may assume significance for the future of mass prophylaxis. The 
preventive measures hitherto available are satisfactory from the theo- 
retical, but by no means from the practical, point of view. Severe 
rickets may be almost entirely eliminated, but mild degrees occur rather 
frequently despite the general preventive endeavors.** ** This is due 
partly to the indifference of some parents, partly to an aversion to 
medicines or to the inconvenience of the continuous medication. 

If the entire prophylactic campaign could be concentrated in one 
single action, the results might be better. For this purpose the sub- 
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cutaneous administration of the vitamin dose might be superior to the 
peroral method, for the injection would be given by the physician him- 
self and thus would guarantee the administration of a precise quantity 
at a known time. 

Harnapp*® believes from 280,000 to 400,000 units of vitamin to be the 
proper preventive dose. It seems to me it should be as high as the 
curative dose in order to achieve reliable protection. Further experience 
must decide the most favorable time for the vitamin D shock prophy- 
laxis. Presumably, it will be the end of November or the beginning of 
December when the vitamin D reserve, stored during summer and early 
autumn, is about to be exhausted. This should be repeated in the second 
winter of life. 

The possibility of a vitamin D shock prophylaxis is materially sup- 
ported by the evidence that vitamin D administered in one massive 
dose is retained in the child system. Most of it is stored in the skin, 
liver, and brain, as is shown in a separate communication.** 


SUMMARY 


Rickets and tetany can be cured by peroral administration of one 
single dose of 600,000 international units of vitamin D. 

The curative effect of this treatment is more prompt than that ob- 
tained with the daily administration of small doses. 

Serum calcium and serum phosphorus become normal and _ roent- 
genographie evidence of calcification shows within one week. The 
most impressive effect is the rapid rise of serum calcium. 

Tetanie convulsions did not reeur after vitamin D shock therapy, 
and all other symptoms of hyperirritability disappeared usually within 
two days without any additional therapy. 

Hypernormal values of serum phophorus may occur after vitamin D 
shock therapy. They usually decline to a normal level in from two to 
four weeks after the treatment. 

The following conditions may be considered as indications for vitamin 
D shock therapy: neonatal and infantile tetany, severe rickets, rickets 
associated with pneumonia or pertussis, rickets associated with chronic 
infections, and indifference of the parents of a rachitic or tetanic child. 

No contraindication seems to exist. 

No toxicity was manifested in 150 children treated with massive doses 
of vitamin D. 

The proper dosage is 600,000 international units, incorporated in milk. 

Vitamin D is effective also when administered subcutaneously. 

The possibility of a successful vitamin D shock prophylaxis over the 
entire winter period with a single dose of 400,000 to 600,000 units is 
diseussed. 
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TREATMENT OF EARLY MEASLES WITH PARENTAL 
WHOLE BLOOD 


EFFect oN CLINICAL COURSE AND PULMONARY 
COMPLICATIONS IN YOUNG CHILDREN 


Jerome L. Koun, M.D., A.rrep E. Fiscner, M.D., 
New York, N. Y., AND Henry U_Mer Rescu, M.D., BLoomrtetp, N. J. 


ATHOGENIC bacteria are found in a number of virus diseases soon 

after the onset of active clinical symptoms. These bacteria are 
presumably secondary invaders and are thought to be the cause of the 
complications which often occur during the course of the primary dis- 
ease, for example, the presence of hemolytic streptococci or influenza 
bacilli in the respiratory tract during measles. 

In infants and young children involvement of the lungs in measles 
is frequent and serious. Post-mortem cultures of such lungs usually 
yield hemolytic streptococci. Less frequently pneumococci or influ- 
enza bacilli are found. In an attempt to prevent the occurrence of 
pneumonia in young children with measles, Chevalley, Duchon and 
Fourestier' injected one dose of 20 ¢.c. of diphtheria antitoxin and 
also 1 ¢.c. of a polyvalent catarrhal vaccine daily up to eight days 
after the onset of the illness. The mortality in the treated group was 
5.1 per cent compared with 15.5 per cent in the untreated group. 

It is a well-established fact that, when susceptible individuals are 
exposed to measles, the disease can be modified or prevented by the 
injection of convalescent measles serum, if given in proper dosage and 
within a certain time interval after exposure. Whole blood or serum 
in proper amounts, taken from persons who had measles some time 
previously, has also proved effective. The protective power of such 
adult blood or serum is generally regarded to be about one-third to 
one-fourth that of recent convalescent serum. 

Modified measles runs a comparatively mild course. When com- 
pared with unmodified measles, the incidence of pulmonary and other 
complications is much less frequent. It was suggested, therefore,. that 
the injection of measles convalescent serum or its equivalent in adult 
blood, given early in measles, might decrease the occurrence of the 
complications caused by pathogenic bacteria. It is possible that such 
sera, in addition to possessing protective substances against the 
measles virus, also contained antibodies against the secondary invad- 
ers. In the dose of adult whole blood proposed for injection, we did 
not hope for any modification of the measles itself. In another study, 
collaborating with others, one of us? found that 40 ¢.c. to 50 ¢.c. of 


From the Willard Parker Hospital for Contagious Diseases, Department of Hospitals, 
New York City. 
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measles convalescent serum must be given intravenously in the pre- 
eruptive or early eruptive stages in order to modify the disease. 

The work reported in this paper was done before the establishment 
of the Manhattan Convalescent Serum Laboratory. Large amounts 
-of convalescent serum were not as yet available. These young chil- 
dren, therefore, were given whole blood injections from adults with a 
history of measles. 


METHOD AND MATERIAL 


During the winter and spring of the years 1935 and 1936, sixty-six 
children under 3 years of age, admitted to the Willard Parker Hos- 
pital in the pre-eruptive or early eruptive stage, were injected sub- 
cutaneously with 20 ¢.c. to 40 ¢.c. of blood taken from parents who 
had a history of measles. If more blood is given subcutaneously to 
young children, local or general reactions may occur. The course of 
the disease after injection was noted and classified as mild, moderately 
severe, or severe. By mild was meant measles that ran a benign course 
without complications. The children designated as moderately ill 
were quite toxic and had high fevers and, when complications were 
present, they were not very extensive or virulent. The severe cases 
were in those who were very ill, toxic, and who usually had extensive 
pulmonary involvement. 

A patient was considered to have pneumonia only when there were 
definite clinical signs of pulmonary involvement. 


RESULTS 


Sixty-six children were given blood injections. Fifty-two were con- 
sidered as having had a mild measles. Six children were considered 
to be moderately ill and eight, severely ill. In the latter two groups, 
nine had clinical evidence of pneumonia. 

During this same period, 758 additional children, under three years 
of age, were admitted to the Willard Parker Hospital with measles. 
Since none of these children were injected with blood, their clinical 
course could be compared with those receiving the blood injections. 

In measles, the younger the child the more frequent and the more 
serious are the complications. Therefore, the highest mortality occurs 
in the youngest age groups. The clinical course of pulmonary com- 
plications and mortality are considered according to age groups 
(Table I). Analyzing the data, it would appear that the clinical 
course of those receiving whole blood, especially in the youngest 
group, was a little less severe. But, since there were over eleven times 
as many children that did not receive blood, this difference does not 
have statistical significance. 
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COMMENTS 


The subcutaneous injection of whole blood from adults with a pre- 
vious history of measles seems to be of little value in reducing pul- 
monary complications, even if given early in the disease. It is pos- 
sible that a larger amount of blood might be effective, but, as noted, 
this may cause unfavorable reactions. Presumably the pulmonary 
complications are caused by pathogenic bacteria, the so-called second- 
ary invaders. 

But, are we correct in assuming that the virus is the sole and _pri- 
mary etiological agent, and the bacteria encountered are merely con- 
comitant and of secondary importance? From the work of Shope,® 
in the influenza of swine and man, consideration must be given to the 
fact that the bacteria may be a definite and indispensable part of an 
etiological complex and the bacteria must not be relegated to a sec- 
ondary role. The pathologie picture of peribronchial infiltration of 
pulmonary involvement in measles is that often seen in diseases caused 
by filtrable viruses. 

Serum from immune persons, therefore, may have a neutralizing 
effect on the concomitant bacteria as well as on the virus. With this 
possibility in mind we hope, some time in the future, to report on the 
treatment of severe pneumonia occurring mainly in the late eruptive 
and posteruptive stage of measles. Measles patients with severe pul- 
monary involvement were injected intravenously with either measles 
convalescent serum or scarlet fever serum. From one to three large 
doses were given. Thus far the results have been of questionable 
value. 

SUMMARY 


The etiological agent of measles is presumably a filtrable virus. The 
subsequent complications are presumably due to the presence of 
pathogenic bacteria. In an attempt to reduce the incidence of pul- 
monary complications and thus lower the mortality in children, sixty- 
six children under three years of age were injected subcutaneously 
with from 20 ¢.c. to 40 ¢.c. of adult blood during the pre-ertptive or 
early eruptive stages of measles. 

There was very little difference in the severity of the measles or in 
the incidence of pulmonary involvement, when these sixty-six children 
were compared with 758 children in the same age group who did not 
receive blood injections. 
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THE WATERHOUSE-FRIDERICHSEN SYNDROME 
Report or A Case Autopsy FINDINGS 


Samvueu A, Levinson, M.D. 
Curcaco, ILL. 


D' first described a case of Werlhof’s disease which was 
associated with hemorrhage in both adrenal glands in a 9-month- 
old child, and several examples have since appeared in the literature. 
It was not until 1901 when Little? recognized as a disease entity the con- 
dition which was first described by the English physician Waterhouse,* 
and later by Friderichsen,* which has since been known as the Water- 
house-Friderichsen syndrome. Several examples of this condition sub- 
sequently appeared in the European literature, and in 1933 Glanzmann® 
reported a ease with a review of the literature up to that time. In 1936 
Aegerter® reported one case and included the comprehensive literature; 
in 1938 Usher’ and Biddau™ reported similar eases. 

In the aforementioned examples, as well as those who have reported 
eases in the European and English literature, the authors have had ex- 
periences in some of their cases in making clinical observation on their 
patients before death. In the ease I shall present, I did not have an 
opportunity to examine the child before death because death was sudden 
and unexpected. The history as given by the mother is as follows: 


V. B. L., an 18-month-old white female, who was 32 em. in length and weighed 33 
pounds, was apparently well, until one day the mother noticed the child was listless 
and did not respond as much as she did before. A doctor was summoned who ex- 
amined the child and told the mother that the child was suffering probably from a 
‘*food poisoning.’’ The mother then noticed a rash on the child’s face and body and 
summoned the doctor again who thought the child had an acute infectious disease. 
The child died about thirty-six hours after the symptoms were noticed by the mother. 

At autopsy, the entire body from the hair line on the forehead to the ankles of 
both feet anteriorly and posteriorly, was covered by pink to red blotches grossly 
resembling purpurie spots (Fig. 1). The essential pathologic findings were as follows: 
Thymus weighed 35 gm. but showed no gross pathologic changes. Lungs, trachea and 
tracheobronchial lymph glands were essentially unchanged. The heart weighed 87 
gm., and except for the pale red color of the myocardium, the musculature of the 
heart, the valves and aorta were negative. The peritoneum was smooth and the spleen 
presented a follicular hyperplasia. The liver and kidneys were grossly unchanged. 
The pancreas, uterus, and adnexa were uninvolved, and the mesenteric lymph glands 
were hyperplastic. The stomach and small and large bowel showed no gross changes. 
The examination of the brain was grossly negative. The essential pathology was 
found in both adrenal glands, and these weighed 12 gm. (Fig. 1). They were red, 
and on section of the adrenal gland the entire surface of the cortex and medulla was 
markedly hemorrhagic. The hemorrhage did not involve the surrounding tissue of the 
adrenal gland. The heart’s blood and spleen gave sterile cultures. 


From the Department of Pathology, University of Lllinois, College of Medicine. 
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MICROSCOPIC EXAMINATION 


Adrenal Glands.—Sections of the right and left adrenal gland showed extensive 
hemorrhage in the cortex and medulla. The hemorrhage did not extend beyond the 
limits of the cortex. The cell outlines were indistinct, and the nuclei were irregularly 
distributed throughout the section and no relationship with the cell outline. Sections 
of the adrenal gland fixed in formalin, Zenker’s solution, and alcohol showed micro- 
scopically similar changes. In some of the sections of the adrenal gland there were 
outlines of fat cells in the medullary portion, and the outlines of the red cells were 
indistinct. One portion of the adrenal gland was surrounded in its outer zone by 
outline of fat cells, with no evidence of hemorrhage in the surrounding tissue. In 
other sections of adrenal glands there were marked deposits of pigment (hemosiderin) 
and a suggestion of fibrinous deposit, but this was indistinctly visible throughout the 
section. 


Fig. 1—A, Gross appearance of skin showing purpuric spots. B, Gross and cross 
section of both adrenal glands showing massive hemorrhage. 

Skin.—The sections were taken through the purpuric spots of the skin. The 
stratified epithelium was covered by a very thin layer of keratin. The squamous 
epithelium showed papillomatous ingrowths into the underlying connective tissue. The 
connective tissue stroma did not show any microscopic pathologic changes, except for 
dilatation of the smaller blood vessels but no diffuse hemorrhages. 

Bone Marrow.—The section of the bone marrow from the rib showed a rather 
firm marrow packed with red blood cells, and the surrounding bone was unchanged. 
There was no evidence of microscopic pathology in the bone or cartilage. In some 
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Fig. 2.—Microscopic section of adrenal gland showing hemorrhage with diffuse infil- 
tration of hemoglobin into the cortex and medulla. (X120.) 


Fig. 3.—Microscopic section of skin through purpuric area. ( X96.) 
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sections the marrow was stained yellow with eosin as compared with other sections 
of the marrow which took a deep red stain. 

Heart Muscle.—The heart muscle fibers showed no unusual microscopic changes. 

Thymus gland showed the lobules with the cells uniform in size and the Hassell 
bodies small and presented no microscopic changes. 

Liver.—The central vein and bile capillaries were unchanged. The hepatic cells 
showed evidences of granular changes in the cytoplasm. The nuclei were more or 
less of uniform size, a few were swollen, and some of the Kupffer cells, as well as a 
few macrophages, were laden with brown stained pigment. 

Pancreas presented no important microscopic changes. 

Kidneys.—The glomeruli were unchanged; the tubules presented indistinct out- 
lines of the cells, some showed granular cytoplasm. The nuclei were more or less 
of uniform size and placed at the base of the cells. 
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Fig. 4.—Microscopic section through rib showing compact marrow. (X76.) 


Spleen.—The Malpighian corpuscles were small and with the splenic pulp pre- 
sented no unusual microscopic changes. 

Lungs showed in one portion of the section a hyperemic area but no evidence of 
pneumonic foci, and the bronchi were free of foreign material. 

Brain.—Sections of the brain showed no microscopic pathologic changes. 


DISCUSSION OF PATHOLOGIC CHANGES 


The essential pathologic changes in the Waterhouse-Friderichsen dis- 
ease is a massive hemorrhage in both adrenal glands with purpuric 
spots on the skin; these invariably are seen at autopsy on these patients. 
Apparently the hemorrhage in the adrenal gland may be terminal, or 
it may be the result of the manifestation of a skin purpura or asso- 
ciated with a sepsis. 
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As a rule, both adrenal glands are somewhat larger than normal and 
may vary in color from purple red to brown. The hemorrhage may 
involve the medullary and the cortical portions of the adrenal glands, 
or the accumulation of fluid blood in the medullary portion may give 
the adrenal gland the appearance of being dilated and cystic. The 
microscopic sections of the adrenal gland show a hemorrhagic infiltra- 
tion from the medullary portion into the cortical portions of the glands. 
The cells are covered with blood, and the blood vessels are markedly 
distended and filled with red blood cells. As a rule these dilated ecapil- 
laries are intact and do not rupture into the surrounding cellular stroma. 
If one makes special histologic stains using the silver impregnation 
method for capillaries, one is able to see a markedly dilated capillary 
network so that the fibrillar framework is separated, and the interlacing 
network is loosely arranged. Under normal conditions the fibrillar net- 
work is more closely compact. The dilated capillaries with a loosely 
arranged fibrillar tissue lends itself more readily for the diffusion of 
the blood into the surrounding tissues than would ordinarily take place. 
It is possible that the spontaneous hemorrhages that occur in the adrenal 
gland in the Waterhouse-Friderichsen syndrome is associated with con- 
genital weakness of the capillary bed in the adrenal glands. Some 
authors have called attention to thrombosis occurring in the adrenal 
gland. 

The other characteristic finding in the Waterhouse-Friderichsen syn- 
drome is the petechial hemorrhages that occur in the skin. Histologi- 
cally one sees a dilatation of the blood vessels in the skin with a more 
or less diffusion of blood into the surrounding tissue. The appearance 
of hemorrhage in the skin, particularly around the smaller blood vessels, 
is interpreted by some as being more of an infiltration of red cells into 
the tissue stroma rather than a rupture or hemorrhage of the blood 
vessels causing an accumulation of red blood cells. 

Some authors have called attention to the petechial hemorrhages in 
the serous surfaces of the body. Although this is not a constant finding, 
nevertheless they may occur. These may be found in the mouth, 
pharynx, trachea and bronchi, the urinary bladder, conjunctivae, and 
the endocardium. The mucosa of the stomach and particularly the 
small intestine seems to be the most prevalent location for these hemor- 
rhages in the internal viscera. Histologically, the mucosa of the gastro- 
intestinal tract shows marked hyperplasia of the lymph follicles and a 
dilatation of the lymph vessels. The petechial hemorrhages are seen 
at times on the surface of the mucosa because of the markedly hyper- 
plastic lymph follicles in the intestinal tract. Some authors have at- 
tempted to associate this histologic change with early stages of typhoid 
fever and suggested the relationship of typhoid fever to the spon- 
taneous hemorrhage in the adrenal glands. The mesenteric lymph 
glands are also markedly hyperplastic. 
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The spleen presents a very marked hyperemia. Histologic examination 
shows a marked eosinophilia, as has been reported by Glanzmann. The 
liver shows pathologic changes similar to that of an acute hepatitis. The 
hepatie cells present marked fatty changes, the central veins do not 
show evidence of thrombosis, and the Kupffer cells shows very little 
changes. Glanzmann noticed an infiltration of eosinophilic leucocytes 
and focal areas of lymphocytes and polymorphs beneath Glisson’s cap- 
sule. 

The pancreas also shows a marked hyperemia. The bone marrow 
shows a marked degree of eosinophilic deposits. Bamatter* has shown 
that, when the bone marrow of the ribs is examined immediately after 
the death of the patient, there is a marked accumulation of myelocytes; 
whereas, in the peripheral blood smear made during the illness of the 
patient, this author has demonstrated monocytic macrophages. The de- 
gree of degeneration of the cells in the bone marrow is somewhat less 
than is seen in the peripheral circulation. However, the bone marrow 
does show evidence of erythropoiesis and myelopoiesis. 

The central nervous system presents essentially evidence of marked 
hyperemia. The cortex of the brain, as a rule, is edematous. Where 
the meningococeus was an associated etiological factor in the Water- 
house-Friderichsen syndrome, exudative changes take place in the 
brain. However, in our case in which we have been unable to demon- 
strate any causative organism in the blood or tissue, we have not been 
able to demonstrate any suppurative changes in the brain, and found 
only a hyperemia. The histologic examination of the pharynx, larynx, 
heart muscle, trachea, bronchi, and kidneys may show in some cases 
evidence of hyperemia with focal deposits of leucocytes, but nothing 
characteristic in these organs that would be in keeping with the picture 
of spontaneous adrenal hemorrhage and purpura. 


CLINICAL PICTURE 


Spontaneous hemorrhage into both adrenal glands associated with 
purpura may oceur in children between two months and two years of 
age. As a rule these children are usually healthy and are breast fed. 
At times prodromal symptoms, as fatigue, may occur twelve or twenty- 
four hours before the appearance of the skin eruption. The child ap- 
pears pale and may have a slight elevation of temperature. The usual 
history is that of a sudden onset when the child is awakened suddenly 
by erying. This may be followed by vomiting and then the appearance 
of diarrhea with pain in the abdomen. No pus, blood, or mucus, as a 
rule, is seen in the stools. At times convulsions of a tonic-clonic nature 
may present themselves. The child may be conscious during these attacks, 
or he may go into a state of coma. Purpurie spots develop on the skin, 
and these are irregular, flat, or star shaped and may cover all parts of 
the body. These eruptions may coalesce to form larger areas and may 


512 THE JOURNAL OF PEDIATRICS 


present a cyanotic or a blue-red appearance to an almost black color. 
Seldom is the mucus membrane involved. These eruptions on the skin 
have frequently been associated with Henoch’s purpura. 

At the onset of the skin eruptions the child goes into a state of 
collapse. The heart rate is slowed, and the blood pressure usually 
drops. The body feels warm, but the extremities are cold. The pulse 
is elevated at times to 200, and it is weak and irregular. A marked 
cyanosis of the skin develops, and the child lies in bed with the eyes 
half shut. Respirations are rapid and shallow, and as the condition 
progresses the child develops a Cheyne-Stokes type of respiration. Ex- 
amination of the lungs does not reveal any unusual findings, but later 
in the course of this condition, dyspnea with dilatation of alae nasi 
becomes more marked, and rales are heard at the bases of the lungs. 
Examination of the abdomen may reveal a soft, slightly distended ab- 
domen; seldom is pain elicited on pressure; and there is no evidence of 
hemorrhage in the abdomen. The child later becomes more and more 
sleepy and comatose; convulsions with a sudden elevation of the tempera- 
ture take place just before death. The spinal fluid is negative. Death 
takes place anywhere from six to twenty-four up to forty-eight hours 
after onset of symptoms. 

A great deal of emphasis has been placed on the blood picture in the 
Waterhouse-Friderichsen disease. In Rabinowitz’s case’ there was a 
leucocyte count of 7,400 with a differential count of 76 per cent poly- 
morphonuclear leucocytes; 20 per cent lymphocytes, and 4 per cent 
monocytes. The blood platelets although present, were not increased 
in amount. This author is of the opinion that hemorrhage in the 
adrenal glands and purpura is associated with a thrombopenic state. 

Glanzmann believes that there are three phases of the blood picture 
that occur in the Waterhouse-Friderichsen disease. In the first phase 
there is a progressive and excessive thrombopenia until no platelets are 
seen. In the second phase there is an alteration of the white blood cells 
with a particular diminution of the polymorphs. The leucocytes might 
go up to 12,000. The polymorphs show degenerative changes so that 
they appear as outlines of cells, and may undergo further degenerative 
changes to a degree that they appear as dust particles. These particles 
may coalesce and form larger particles. Some of the polymorphonuclear 
cells show vacuoles in the cytoplasm. The nucleus may show degen- 
erative changes, or they may become disintegrated and show vacuoles. 
The eosinophiles, although not diminished in number, show vacuoles. 
The small lymphocytes show a diminution in the amount of protoplasm. 
There is an increase in the monocytes. The third phase consists of a 
marked anemia with erythroblasts due to an infectious stimulation of 
the bone marrow. There is a basophilic stippling and a polychromato- 
philia. The bleeding time is about 15 minutes, clotting time 5 minutes, 
and clot retraction zero. 


4 
= 
<3 
‘ 
? 
| 
on 


LEVINSON: WATERHOUSE-FRIDERICHSEN SYNDROME 513 


The blood chemistry examinations were performed by various authors 
in only a few eases. Baumann’ and Bamatter’® among others have 
shown that there is usually a diminution in the blood sugar and that 
the nitrogen partition is elevated. Henning-Magnusson’® showed further 
that the calcium content in this syndrome is between 10.7 and 10.8 mg., 
and the inorganie phosphorus 5.2 and 5.4 mg. 


ETIOLOGY 


From the very earliest reports the Waterhouse-Friderichsen syn- 
drome has been associated with some form of an infection. Voelker" 
and Andrewes™” were of the opinion that the purpurie spots simulated 
smallpox. Most of the cases reported of Waterhouse-Friderichsen syn- 
drome did not, however, oceur during a smallpox epidemic. Ikeda’ 
believed that the purpurie spots on the skin might be associated with 
hemolytic streptococcus infection. It was this author’s opinion that 
the hemolytic streptococcus or its toxins may attack the leucocytes or 
the red blood cells with a subsequent destruction of these cells thus 
leading to a purpurie state. In the twelve cases which were autopsied 
by Friderichsen, seven gave sterile cultures. In Glanzmann’s ease cul- 
tures of the heart’s blood and spleen were sterile. On the other hand, 
Dudgeon" isolated Staphlococcus albus and pneumococeus. Little iso- 
lated a streptococcus. MacLaglan and Cooke” in a case of malignant 
cerebrospinal fever noticed hemorrhage in both adrenal glands, and they 
were able to isolate the meningococeus. 


PATHOGENESIS 


It seems to be the opinion of most of the authors who have reported 
their findings in the Waterhouse-Friderichsen disease that this syndrome 
is associated with a sepsis in spite of the sterile cultures obtained in 
vivo or after death. Some authors are of the opinion that infection 
of the liver or spleen may result in an anaphylactic reaction. This opin- 
ion is evolved from the observations made of histologic examination of 
the liver in which was noticed an infiltration of eosinophiles, lympho- 
cytes, plasma cells, and a few polymorphs beneath Glisson’s capsule. 
Further evidences of an anaphylactic reaction which involves the liver 
are based on studies made by Schottmiiller and Fahr,’* who studied the 
proliferative hepatitis which occurs in scarlet fever. Furthermore, the 
opinion has been propounded that anaphylactic toxins and poisons at- 
tack the adrenal glands because of the immediate vascularity of this 
organ. In children the adrenal glands are exceptionally sensitive to 
vasodilator substances. The capillaries rupture easily in the adrenal 
glands, partly because of their thin walls and also because of lack of 
secretions from other glands of internal secretion which may alter the 
tonicity of the blood vessel wall. In other instances the so-called ana- 
phylactie toxin may be a eapillary toxin which attacks the blood vessels 
in the adrenal glands. 
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In physiologic hemorrhage of the adrenal gland in the newborn in- 
fant and in older infants skin purpura does not develop; nor is there 
any manifestation of purpuric hemorrhage when there is a thrombus 
in one of the adrenal glands. Experimentally, the removal of both 
adrenal glands does not lead to a hemorrhagic diathesis. The opinion 
of Thomas" that there is a subacute infection with hemorrhage in the 
adrenal glands, and later hemorrhage into the skin, is not plausible for 
the reason that in acute insufficiency of the adrenal glands the skin 
appears to develop an increased resistance toward histamine or his- 
tamine-like substances. 

Finally, Baumann believes that there is a constitutional disposition 
such as might exist in some types of endothelial diathesis (Bayer). In 
Glanzmann’s case the child’s mother had frequent nosebleeds and tuber- 
culosis. 

DISCUSSION 


The early reports of adrenal apoplexy in children appeared in the 
English literature. In fact, Little believed that there was a similarity 
between the causative factor of this disease and that in Addison’s dis- 
ease with skin pigmentation. It was in 1911 when Waterhouse pre- 
sented the clinicopathological syndrome of spontaneous bilateral hemor- 
rhage in both adrenal glands with skin purpura. His studies were 
based on observations of 15 children between the ages of two and fifteen 
months who died following an illness of twenty-four to forty-eight 
hours. With the exception of three cases, all showed a purpurie rash 
on the skin with adrenal hemorrhage. This syndrome was accompanied 
by vomiting, diarrhea, convulsions, abdominal pain, and tracheobron- 
chitis with a slight elevation of fever. Seven years after Waterhouse’s 
report, in 1918, Friderichsen gave detailed characteristic clinical pic- 
tures of three of his own cases which he had observed personally and 
of twenty-five he had collected from the literature. Since then there 
have been various reports of the Waterhouse-Friderichsen syndrome. 
Aegerter in 1936 collected 55 cases from the literature and reported 
two of his own. Since Aegerter’s report single cases have been reported 
by and Usher. 

That the Waterhouse-Friderichsen syndrome is not uncommon is seen 
from the cases which have appeared in the literature. In addition, it 
is possible that a number of cases have been overlooked, either clinically 
or on the autopsy table. For example, one must differentiate between 
the hemorrhage in the adrenal gland which may occur as a physiologic 
condition in the newborn infant, and traumatic hemorrhage of the 
adrenal gland which may be the result of birth trauma in infants. 
These two conditions may not be associated with purpurie spots of the 
skin. Some investigators believe that spontaneous massive hemorrhage 
in both adrenal glands with skin purpura may be associated with a 
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constitutional disfunction. They have noticed this condition in infants, 
who have had an enlarged thymus and hyperplastic lymph follicles 
with hemorrhage into the intestinal mucosa. In fact, Rabinowitz men- 
tioned that status thymicolymphaticus may be associated with an in- 
sufficiency of the chromaffin system. 

Those who have been able to observe this syndrome clinically have 
reported hypotension, low blood sugar, flaccidity of the muscles, vomit- 
ing, diarrhea, abdominal cramps, and circulatory collapse, and believe 
that these may be due to a functional disorder of the adrenal glands. 
Rogoff,"® however, states that experimentally the animal may suffer a 
loss of both adrenal medullas and one cortex without radically in- 
fluencing his life and health, and there is no good evidence that epi- 
nephrine plays a role in the maintenance of normal blood pressure. 
Loeb,?° on the other hand, demonstrated that the adrenal gland may 
exert an influence on the metabolism of the sodium ion, depleting the 
blood of both sodium and chloride, and that there is an accompanying 
dehydration in the kidneys (hypoadrenalism). The death that occurs 
in Waterhouse-Friderichsen disease takes place too rapidly for these 
changes to take place and be the causative factor in death. In fact 
sodium metabolism studies have not been determined as yet in this 
syndrome. 

Many authors have demonstrated bacterial invasion of the blood 
stream in the Waterhouse-Friderichsen syndrome while others were un- 
able to do so. Although the organisms may not be demonstrated, it is 
possible that their toxins may be the agent causing purpurie spots on 
the skin and hemorrhage in the adrenal glands. Aegerter believes that 
the meningococeus is the sole cause of the Waterhouse-Friderichsen syn- 
drome, and he feels that only aceurate bacteriologie methods employed 
in a large series of cases will still this question. This statement may be 
questioned for the reason that the organism is not difficult to demon- 
strate by smear or culture, and the fact that the Waterhouse-Friderich- 
sen syndrome is not necessarily associated with epidemics of the type 
due to a meningococeus. Why there should be a selectivity of the 
adrenal glands and the skin more so than any other organ in the body 
by the meningococcus is a question for further investigation. It is true 
that the changes that occur in other organs in the body may be changes 
associated with a sepsis, but this in turn may be due to organisms other 
than the meningococcus. 

From the standpoint of diagnosis, the Waterhouse-Friderichsen syn- 
drome must be considered in all infants and young children who become 
acutely ill with vomiting, diarrhea, a shock syndrome, and collapse. 
Because of the fact that the Waterhouse-Friderichsen syndrome is in- 
variably fatal, the duration from the onset of symptoms until death 
does not give the attending physician a sufficient opportuntiy to insti- 


| . 
i 


516 THE JOURNAL OF PEDIATRICS 


tute remedial measures. Few clinicians who have recognized the dis- 
ease early have tried adrenalin intramuscularly and intracardially, as 
well as intravenous injections of sodium chloride. If the meningococcus 
has been isolated, the antimeningococeus serum has been given. How- 
ever, the prognosis as indicated by most of the cases reported in the 
literature is that it is universally fatal. 


CONCLUSIONS 


The syndrome known as the Waterhouse-Friderichsen disease is ac- 
companied by a sudden onset of malaise, vomiting, diarrhea, fever, rapid 
pulse, cyanosis, purpurie spots on the skin, lethargy, coma, and death. 
This disease is usually fatal from twenty-four to forty-eight hours after 
the onset of symptoms. The etiology is not definitely known although 
there are many who believe that this disease may be associated with 
a bacteriemia or a toxemia. The essential pathologie findings consist 
of massive bilateral hemorrhages in the adrenal glands with purpuric 
spots in the skin. We have reported such a case which we have observed 
on the autopsy table. 
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SAW-TOOTH FEVER PNEUMONIA 


Benet Hamiuton, M.D. 
Cuicaco, ILL. 


N 1928 E. Moro! deseribed a type of pneumonia to which he gave the 

name Sagefieberpneumonie, which was characterized by intense and 
persistent consolidation of one lobe, intermittent fever with very wide 
daily variations of temperature, a very protracted course, and a good 
prognosis. Moro reports six such eases, all in the age group 1 to 214 
years. In addition to the consolidation of one lobe, there were fleeting 
consolidations of other lobes in all cases except one. The course in the 
hospital varied from 26 to 73 days, in all cases preceeded by several weeks 
of illness in the home. Tuberculosis was excluded by a negative Pirquet 
reaction in every case. The daily variations in temperature were gen- 
erally much more marked than those commonly seen in so-called septic 
fever, a difference of 10° F. being repeatedly recorded on the charts 
published with Moro’s article. In spite of the high fever and the pro- 
tracted course, all the children recovered without complications. The 
termination of the fever was critical, in that one of the marked daily 
remissions was followed by permanently normal temperature. 

External circumstances prevented the taking of routine roentgeno- 
grams, but the physical findings convinced the author that he was deal- 
ing with pneumonias of the lobar type. Blood cultures were not taken, 
but the absence of all complications was considered as evidence that 
true septicemia was not present. The author is inclined to regard the 
marked swing of the temperature curve as a daily pseudocrisis. 

This opinion as to the nature of the marked daily variations in tem- 
perature is shared by Freudenberg,? whe in a brief communication dis- 
cusses some cases of this type of pneumonia. Of 467 eases of pneu- 
monia admitted during a period of ten years, 10 were of this type. On 
the whole they belonged to the same age group as the cases described by 
Moro; one patient was 6 months old; three were about one year, three, 
2-3 years, three, 3-414 years. All except one case proved by x-ray 
pictures to be pneumonias of lobar extension, the exception being de- 
scribed as confluent bronchopneumonia. Freudenberg, as well as Moro, 
emphasizes the slow spread of the pneumonie process, in that in some 
cases several weeks elapsed before definite physical signs were elicited. 
Mild pleural involvement, demonstrable only by x-ray, was present in 
all but three eases. In no case did empyema or other complication occur, 
and the outcome was invariably complete resolution. The clinical pic- 
ture was dominated by the daily occurrence of a critical fall in the tem- 
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perature, sometimes leading to collapse; often, however, as also empha- 
sized by Moro, the condition of the patients was surprisingly good dur- 
ing the remissions. 

In Wiskott’s monograph on childhood pneumonia* numerous eases 
with saw-tooth fever are included. These, however, were of shorter 
duration than those described by Moro and by Freudenberg, and the 
latter author feels that cases of only ten to twenty days’ duration should 
not be included in the diagnosis of saw-tooth fever pneumonia. The 
age-group of Wiskott’s cases was the same as in the eases reviewed above ; 
the fever terminated by crisis; complications did not occur; and the 
prognosis was good. The pneumonias were either lobar or marginal, 
not (on the roentgenogram) extending in to the hilum. The course 
was, generally, somewhat longer than in the typical lobar pneumonia. 
Wiskott places these cases in his group of ‘‘transitional’’ pneumonias, 
the transition being from the ‘‘primitive,’’ diffuse bronchopneumonias 
of the young infant to the ‘‘mature’’ more circumscribed bronchopneu- 
monias and lobar pneumonias of the older child. The only difference 
between Wiskott’s cases and those previously described is the shorter 
duration of the illness, the longest duration in his recorded cases being 
twenty-three days. 

It seems, then, that an unusual type of temperature curve may occa- 
sionally be seen with pneumonia in children of this age group and that, 
when this type of fever is present, the prognosis is usually good in spite 
of the course which is generally of long duration. We have had the 
opportunity to observe two cases of this kind, which will be briefly 
described. 


Case 1.—G. C., white male, 18 months old, previously well, was admitted be- 
eause of fever, vomiting, and cough. One month previously the child had measles 
with a rash of three days’ duration. He was kept in bed for one week, but con- 
tinued to have a fever and appeared ill. The last few days before admission the 
child vomited frequently, and the respiration was labored. The night before ad- 
mission the temperature was 106° F. 

On admission the child was acutely ill, irritable, and slightly cyanotic. There 
were dullness and tubular breathing over the left base, and a roentgenogram of the 
chest showed, indefinitely outlined, a triangular area of increased density behind 
the heart, a lesion which later increased in size and extended outside the border 
of the heart. 

The further course was characterized by an intermittent temperature with ex- 
tremely wide daily variations (Chart 1). This temperature naturally aroused the 
suspicion of a septic condition, but a blood culture taken on the fourth day after 
admission showed no growth. A throat culture taken on the sixth day showed 
pneumoecoeeus Type XIV and Staphylococcus albus. Tuberculin intracutaneously 
in dilutions 1:1000 and 1:100 gave no reaction. The white count was between 
thirty and forty thousand, with a predominance of polynuclear leucocytes. 

On the ninth day after admission the condition culminated with a temperature 
drop of over ten degress, and from then on the child was free from fever and 
improved rapidly. However, the physical signs over the chest persisted, and for 
that reason a puncture was made in the dull area on the left base; 8 c.c. of sero- 
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sanguineous fluid was obtained, and culture of this fluid showed no growth. Eight 
days after the final crisis x-ray examination of the chest showed an area of con- 
solidation even larger than previously, but because of the good general condition 
the child was discharged. On a subsequent examination in the out-patient depart- 
ment the child was found to be doing well. 


Case 2.—N. F., 2%-year-old white male, was admitted because of a cold and 
swollen cervical glands. About three weeks previous to admission the child de- 
veloped a cold, and one week later swelling of cervical glands was noted. This 
swelling disappeared in a few days, but reappeared five days previous to admission. 
At this time the child developed another cold, and had some fever the last day 
before admission. 
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Fig. 1. 


On admission the child was not very ill. The throat was red, there was some 
postnasal discharge, and the cervical glands were enlarged on both sides. The tem- 
perature was 102.7° F. A throat culture showed a mixed flora with green-produc- 
ing streptococci predominating (no hemolytic streptococci). Tuberculin intracu- 
taneously in dilution 1:1000 was negative. 

During the first week in the hospital the temperature was, on the whole, lower 
than on admission, but reached 103.2° F. on one occasion (Chart 2). On the eighth 
day the temperature began to assume a spiking character, getting increasingly 
higher every day for a few days. This type of fever lasted for nine days. A 


520 THE JOURNAL OF PEDIATRICS 


few days after it began, signs of pneumonia were found on the left base, a finding 
confirmed by x-ray, which showed a pneumonia of nearly lobar extension in this 
locality. 

The day after this pneumonia had been found the child developed an otitis media ; 
both ears were opened, and there was purulent drainage from the right. A culture 
of the pus showed green-producing streptococci. 

During the period of spiking temperature, three blood cultures were taken; one 
showed Staphylococcus awreus, but this was considered a contamination, as the other 
two were negative. A throat culture taken at this time showed a few green-pro- 
ducing streptococci, a few staphylococci and a bile-soluble pneumococeus which was 
not of Type I, Il, Ill, V, VII, or VIII. Agglutinations against paratyphoid 
A and B, typhoid, and brucella organisms were all negative. A spinal puncture 
showed normal fluid under normal pressure, from which no growth was obtained. 
The white count rose from 18,050 on admission to 55,000 on the sixth day after 
the onset of the high, spiking temperature. 
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Nine days after the saw-tooth fever began, the temperature abruptly became 
quite normal. The child was kept in the hospital for ten days longer and was 
then discharged, clinically well, although some dullness still persisted on the left 
base. 
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Both of these cases showed the saw-tooth type of fever, the first with 
an average daily swing of 7.5° F., the second of 8.0° F. Both of them 
had a history of preceding infection (measles in Case 1, cervical adenitis 
in Case 2), but, although the history would suggest a secondary broncho- 
pneumonia, the x-ray films in both cases showed a single, fairly exten- 
sive focus of consolidation. Pneumococci were isolated from the throat 
in both instances, although not in pure culture, and the significance of 
this finding may be questionable. 

Although cases of this kind are rare, they are of practical impor- 
tance and, perhaps, of some theoretical significance. As the physical 
signs of pneumonia may be slow in developing, there may be a period 
when the swinging temperature is the only abnormal finding, and it may 
be well to know that in children of this age group, fever of this type may 
be associated with pneumonia. After the pulmonary consolidation has 
been found, a knowledge of the good prognosis may give some confi- 
dence to the attending physician in a rather harassing situation. 

As to the theoretical significance of this type of fever in pneumonia, 
it might be, as assumed by Wiskott and by Freudenberg, that it indi- 
cates a special state of reactibility. In the young infant the pneu- 
monias are, generally, diffusely spreading, and a definite cireumscribed 
shadow in the x-ray picture is, perhaps, more likely to be caused by 
atelectasis, a foreign body, or aspiration, than by a pneumonia in the 
strict sense; while later on, we are beginning to see more of those pneu- 
monias which are localized in one or more foci, the ‘‘battlefield’’ pneu- 
monias of Wiskott. It seems probable that this change in the clinical 
picture as the infant grows older is due to a changing immunologic 
response; and it is possible that saw-tooth fever in pneumonia is an 
expression of some intermediate form of reactibility. 


SUMMARY 


Two cases of pneumonia with extremely wide daily variations in tem- 
perature are reported. They conform in many respects to the picture of 
saw-tooth fever pneumonia described by Moro and by Freudenberg. 
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CALCIFIED HEMATOMA 


Frank Werrz, M.D., Ropert A. Strona, M.D. 
New Orueans, La. 


F  yrmanrany to Kidner,’ in 1917 there were five theories for the 
formation of calcified hematomas, all of which had warm sup- 
porters and antagonists. The first theory supposes that the hemor- 
rhage following an injury to muscle is first transformed into cartilage, 
which later ossifies. The second is that the tumors are aberrant 
sesamoid bones; the third, that the growths result from bits of perios- 
teum detached and included in the muscle; fourth, that the fibrous 
tissue of the muscle undergoes a true metaplasia into bone; and fifth, 
that the ossified area develops from cells disseminated from the perios- 
teum through the hemorrhage. He modifies the latter slightly in his 
own theory, which is that trauma to the bone tears deep muscle fibers 
and at the same time causes a break in the periosteum. From both 
sources, blood is poured out, and immediately deeper layers of perios- 
teum respond to the stimulus of trauma by pouring forth osteoblasts. 
These cells are free to wander through the mass of hemorrhage, and 
from all directions bone growth begins. 

Gessner,? in reporting two cases in 1924, agreed with Kidner’s 
theory. On the other hand, Bullitt*® in 1927 assumed that bone forma- 
tion in the skeletal muscles, if of traumatic origin, is not necessarily 
derived from misplaced periosteum, but may be heterotopic ossifica- 
tions, which are genetically the same as true bone formations in the 
kidneys, lungs, aorta, or in sears of muscle. 

In the same year Seeliger* suggested that extravasations of blood 
from the subeutaneous tissue are followed by an immigration of 
mesenchymal elements with vascular offshoots along the reticulum of 
fibrin developing within a few days from the blood effusion. The red 
cells lose their form and colorability and gradually disappear. At 
this stage fibroblasts, histiocytes, plasma cells, leucocytes, and a few 
lymphocytes are to be seen. Eosinophiles are also fairly numerous. 
Fibrin formation then begins and the cellular elements give place to 
the formation of pure connective tissue. In many cases an extensive 
effusion may be entirely absorbed. Intramuscular effusions develop 
into connective tissue in much the same way. In some cases, lime salt 
deposits appear in the connective tissue lying between the disintegrat- 
ing muscle fibers. 

It is a well-known pathologie anatomical fact that upon the basis of 
tissue impairment lime salt deposits appear in the injured portions 
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and sufficient enrichment of the calcium salt content in the course of 
the process of organization may lead to true bone formation. 


According to Aschoff, cited by Seeliger, a deposit of lime must 
involve (1) an organic substance with a strong affinity for calcium, 
(2) a high calcium content in the blood and humors, and (3) a change 
in the rapidity of the blood current. The first step in calcification 
comprises the combination of calcium ions, New callus tissue must 
first absorb calcium and afterwards phosphoric acid and the corre- 
sponding carbonic acid. The second step is the accumulation of phos- 
phorus in the calcifying or ossifying tissue. The third step depends 
upon the metabolism of fats or proteins. Albuminous products have 
a strong tendency to unite with calcium, forming complex combina- 
tions. Two-thirds of the dissolved calcium in the body is dissolved in 
the blood serum, while one-third exists in combined form in the 
albumin of the serum. 

The quantity of calcium in solution depends upon the concentration 
of hydrogen ions and increases with any augmentation of acidity in 
the calcium ion content. The hydrogen ion concentration is increased 
wherever inflammation occurs and wherever dead tissue appears. The 
dead tissue has a relatively high alkalescence, while the surrounding 
tissue develops a high acidity. The union of calcium with dissolved 
or undissolved albumin increases with the augmentation of alkales- 
cence. Since in consequence of the heightened alkalinity the calcium 
content is greater in the inflamed surrounding region, the necrotic 
tissue is enabled to absorb lime from this region up to the saturation 
point. If phosphorus is present in a condition favorable for reaction 
and if the albumin is decomposed, the conditions requisite for calecifi- 
cation are afforded. 

In 1930 Magliulo® found in a series of cases of direct trauma to 
muscles that a hematie effusion always preceded the calcareous or 
bony formations. The calcification did not always turn into ossifica- 
tion, but on the other hand there were no cases where the ossification 
set in without being preceded by calcium deposits. He conclides that, 
while a hematie effusion may give rise to calcifications, this does not 
represent the principal and absolute coefficient for the neoformation 
of bone after trauma. Other factors, such as environment, extension, 
and degree of original trauma of muscles, amount of calcium in the 
blood, modifications arising from treatment, ete., must be reckoned 
with. 

The following year, von Brand and Holtz® showed by experimenta- 
tion that local calcifications may be produced by a subcutaneous ad- 
ministration of irradiated ergosterin and that these calcifications were 
not conditioned by inflammatory processes, but were the result of a 
specific effect of a transformation product of the ergosterin. 
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Tumpeer and Denenholz,’ in 1936, reported calcium deposition in 
a newborn infant with tetany, following the intramuscular injection 
of whole blood from the father and four injections of calcium intra- 
musecularly, three in the form of the gluconate and one in the form 
of the levulinate. Chemical analysis of a small bit of material from 
one buttock, after sloughing took place, revealed the deposit to be in 
the form of calcium phosphate. After four months of conservative 
treatment these deposits had practically disappeared. Their expla- 
nation for the deposition is that soluble caletum may cause a coagu- 
lation of tissues in patients with the disturbed calcium metabolism of 
tetany. Calcification in the blood vessels would account for the 
necrosis and sloughing, typical of gangrene. In diffusing through the 
fascial planes, the blood phosphate apparently fixed and precipitated 
the calcium in the form of calcium phosphate. 

Von Hofe and Jennings,’ also in 1936, reported a case of calcium 
deposition following the intramuscular injection of calcium gluteally. 
This patient developed an abscess on one side, which healed after sur- 
gical incision and drainage. X-ray films after six months revealed 
no evidence of calcium deposit. These authors considered the possi- 
bility of myositis ossificans traumatica and injected normal saline 
into muscles of the right arm. The patient was observed for one 
month, but no calcification or induration appeared. 


CASE REPORT 


The patient, a colored infant, U. H. No. 13776, was admitted to the Hutchinson 
Memorial Clinic on March 15, 1938. The baby was born on Feb. 22, 1938, and 
three days after birth began to have hematemesis and melena. There were no 
other evidences of hemorrhage. He was brought to the clinie where he was given 
15 ec. of whole blood (from maternal grandmother) intramuscularly in both 
gluteal regions. He was immediately sent into Charity Hospital and on the 
following day was given 70 e¢.c. of citrated blood intravenously. The infant bled 
through both the anus and mouth for about 16 hours after admission, after which 
there was no further bleeding. At the age of three weeks, when the baby was 
brought back to the clinic, a hard indurated swollen area was found on the left 
buttock at the site of injection of whole blood. This mass was about 3 by 3 em. 
and in the center there was a small necrotic area from which a slight amount of 
whitish grey purulent material was exuding. (Smear revealed only a few pus cells 
and no organisms.) The muscles of the right thigh were increased in size, hard, 
and somewhat tender. The skin overlying was shiny, tense, and bluish black in 
color. Blood count at this time was as follows: red blood cells, 3,510,000; hemo- 
globin, 70 per cent; white blood cells, 12,000; small lymphocytes, 47 per cent; 
neutrophiles, 49 per cent. There was a history of occasional vomiting, and the baby 
appeared to be very irritable, crying during the length of the examination. A 
surgical consultant reported on March 17, 1938, as follows: ‘‘Evidently two or- 
ganizing hematomas, which’ may also be ossifying.’’ X-ray examination on March 
19, 1938, revealed a slight increase in density in the region of the soft tissues of 
right femur and left buttock, suggestive of calcified hematoma. At the suggestion 
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Fig. 1.—The calcified hematoma may be seen involving most of the right thigh 
posterior to the femur. 


of one of the staff members, the patient was hospitalized, where he was given physical 
therapy in the form of radiant heat over both buttocks. On March 28, 1938, the 
hardened areas had decreased somewhat in size and x-ray examination May 11, 1938, 
reported that there was marked absorption of opaque material previously noted. 


COMMENT 


Notwithstanding the several theories which have been advanced as to 
the cause of calcified hematomas, the thought came to us that the eal- 
cium content of the donor’s blood might have been a contributing 
factor. However, the blood calcium was 9.8 mg., while the phosphorus 
was only 3.3 mg. On admission, because of the precarious state of 
the infant, our efforts were concentrated on controlling the bleeding, 
and no blood chemical studies were done. 


Prior to 1926 all of these calcified hematomas were treated by sur- 
gical removal. However, C. A. Stone,® at this time treated two cases 
by heat and massage with definite improvement. We decided to try 
this form of treatment first, and our results seemed to be in accord 
with those obtained by Stone. 


SUMMARY 


A ease of calcified hematoma is reported. 
Theories of the underlying cause of this condition are enumerated. 
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From the meager literature, apparently calcified hematomas do not 
occur frequently following the intramuscular use of blood, and the few 
that do oceur do not seem to constitute a contraindication to the use of 
this valuable therapeutic measure. 

Treatment by physical therapy seems to have merit and should be 
tried before surgical intervention. 
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SYNDROME OF CONSTRICTING DOUBLE AORTIC 
ARCH IN INFANCY 


Report or A CAsE 


Irvinc J. M.D. 
PHILADELPHIA, Pa. 


OUBLE aortie arch can produce unfamiliar but characteristic symp- 

toms which are misunderstood and misinterpreted until necropsy 
clears up the diagnostie puzzle. Inasmuch as but few cases have been 
reported, it seems worth while to record another instance for the pur- 
pose of directing clinical attention to the anomaly. 


L. H., a white male infant, was born at full term, weighing 6 pounds 2 ounces. 
Labor and delivery were uncomplicated. At 6 days of age he was weaned to a cow 
milk formula and given orange juice and cod liver oil. The family history was 
negative. 

Ever since birth he breathed with a constant stridor and had a peculiar grunting, 
hoarse ery. Paroxysms of coughing associated with dyspnea and stridor would occur 
during feedings. It was noted also that he preferred to lie with his head in an 
extended retracted position, although the neck was not rigid and could be readily 
flexed without discomfort. 

Because of these symptoms the diagnosis of thymic hypertrophy was made, and 
the infant was referred to the Out-Patient Department of the Children’s Memorial 
Hospital, Chicago, for treatment. When he was first seen at the hospital at 6 weeks 
of age, the harsh stridor was very noticeable, and dry inspiratory rhonchi were 
audible in all parts of the chest. Roentgenogram of the thorax demonstrated a broad 
enlarged upper mediastinal shadow, 3.5 em. in width. Four x-ray treatments of 
40 R units each produced no detectable alteration in the radiologic appearance of 
the chest. 

The next examination note, made at 4 months of age, stated that the child could 
sleep quietly without noisy breathing but that during activity or erying a high- 
pitched crowing respiratory sound became audible. There were occasional gasping 
spells especially during feedings. 

At 41% months the child was admitted to the ward for special care because of 
restlessness, fever, anorexia, stridor, and cough. Physical examination showed bi- 
lateral otitis media, riles at both lung bases, and loud rhonchi arising in the large 
bronchi. Dyspnea with cyanosis appeared some days later, requiring oxygen therapy. 
Bronchial breathing, bronchophony, and percussion dullness became apparent in the 
right lower lobe posteriorly, and later on the left side. Eight days after admission 
respirations ceased unexpectedly during feeding. A roentgenogram taken post 
mortem showed no changes in the upper mediastinum and diffuse bronchopneumonic 
clouding of the lungs. The clinical diagnoses were congenital laryngeal stridor and 
bronchopneumonia. 

Necropsy Findings.—The body was well developed and free from gross anomalies 
except in the great vessels over the heart. The lungs were the seat of acute bilateral 
bronchopneumonia. The liver and spleen were congested. The thymus was small, 
weighing but 5 gm.; its microscopic appearance was one of extreme atrophy with 
small shrunken lobules. The mediastinal tissues were not fibrotic. The other viscera 
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displayed no striking changes. Rickets was not present. Pneumococci were grown 
from the heart’s blood and the left lung. The right lung yielded many colonies 
of pneumococci and a few of Micrococcus catarrhalis. 

The heart was situated in its customary position with apex in the fifth left inter- 
space. The left atrium was contracted and empty wheras the right was dilated and 
engorged. The foramen ovale was completely occluded, and the valves, septa, and 
coronary vessels all appeared normal. The chamber of the right ventricle was dilated, 
and its wall seemed a little hypertrophied, measuring 3 mm. in thickness. The left 
ventricle, not dilated, measured 6 mm. in wall thickness. 

Two superior venae cavae were present, lying anterolateral to the great arterial 
tubes. The one on the right entered the upper part of the right atrium in normal 
fashion, whereas the other curved behind the left atrium to empty into the distal 
tip of the coronary sinus. The presence or absence of a transverse anastomosing 
vein was not noted. The small coronary veins entered the enlarged but otherwise 
normal coronary sinus in the usual fashion. The inferior vena cava was not 
anomalous nor reduplicated. 

The aorta arose from the left ventricle in the normal manner passing upward, 
forward, and to the right of the pulmonary ring. Two centimeters above its origin 
the aorta divided into two branches, a right and a left, which coursed on either side 
of the trachea and esophagus and reunited posteriorly to form the descending aorta. 
The left aortic branch seemed a little narrower, measuring 6 mm. in diameter after 
formalin fixation, whereas the diameter of the right arch was 8 mm., and of the 
ascending aorta, 1.22 mm. The left branch showed the usual relations of the aortic 
arch, passing diagonally in front of the trachea and over the left main bronchus. 
The right branch crossed the right main bronchus and ran obliquely behind the 
esophagus. These aortic arches encircled the trachea and esophagus in a snugly 
fitting arterial collar which measured approximately 1 em. in internal diameter. The 
diameter of the trachea was 1 em. throughout except where the lumen became some- 
what constricted anteroposteriorly while passing through this ring. The outer coat 
of the esophagus was congested here. Neither the trachea nor the esophagus was 
dilated or otherwise abnormal above or below the aortic ring. 

Just at the bifurcation each aortic arch gave rise to its common carotid artery, 
these two trunks arising but 3 mm. apart from each other. A few millimeters be- 
yond these lay the symmetrically placed origins of the subclavian arteries. The 
fibrosed ductus arteriosus was situated in its normal position, running down from 
the under surface of the left arch just beyond the left subclavian to join the pul- 
monary artery above the bifurcation of the latter. The ductus was 6 mm. in length 
and 4 mm. in thickness; its lumen was obliterated. 

The descending aorta measured 1 em. in diameter in the upper thoracic region. 
Its position with respect to the vertebral column was not noted. 

The vocal cords and other structures in the larynx were free from gross changes. 
The laryngeal nerves were not dissected. 

The pathologic diagnosis was double aortic arch, encircling and compressing the 
esophagus and trachea; bilateral superior venae cavae; atrophy of thymus; bilateral 
bronchopneumonia (pneumococcal); acute circulatory congestion of liver and spleen. 


DISCUSSION 


Aortie arch malformations are not familiar to clinicians, with the 
exception of coarctation, since physiologic disturbances are usually not 
produced. The more common aortic arch anomalies are right-sided 
aortic arch with left-sided innominate artery; right-sided aortie arch 
with an aortic diverticulum behind the trachea, representing a persistent 
left aortie root, from which the left subelavian artery and the ductus 
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Fig. 1.—Anterosuperior view of post-mortem specimen. The ascending aorta 
bifurcates into the right and left aortic arches, which together form a collar closely 
encircling trachea and esophagus. Food material passing down the esophagus pro- 
duced temporary collapse of the tracheal lumen. 


Fig. 2.—Post-mortem specimen. Posterior view, showing reunion of right and 
left aortic trunks behind esophagus and trachea. The greater size of the right trunk 
is clearly evident. 


arteriosus arise; right subclavian artery arising from the distal portion 
of the normal left arch instead of from the right innominate, and run- 
ning posterior to the esophagus; complete atresia of the transverse part 
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of the left arch; coarctation (isthmus stenosis) of the left aortie arch; 
persistent double dorsal aorta; double aortie arch. 

In the very young human embryo there is a series of primitive aortic 
arches through which blood from the heart flows to the thoracic aorta. 
The normal adult aorta is derived from the fetal fourth left aortic arch. 
‘*Doubling’’ results from failure of involution of the fourth right aortie 
arch; the ascending aorta bifureates in front of the trachea and its 
branches reunite behind the esophagus. Sometimes the left arch be- 
comes obliterated and may disappear, leaving the persistent right arch 
to convey the blood stream. 

From the anatomic standpoint much has been written concerning the 
mechanisms at work in the normal development of the embryonic aortic 
arch system.'*? The various malformations which can occur are usually 
classified morphologically in terms of the persistent aortic arches from 
which the anomalies derive, and they are subdivided according to 
whether the vessels were patent or appeared wholly or in part as fibrous 
cords. The derivation of these subvarieties from the primitive arches has 
been adequately emphasized elsewhere.* * 

The reported cases of double aortie arch collected in 1936 by Blincoe, 
Lowance and Venable’ numbered forty. In some cases there were com- 
pletely functioning right and left aortic arches having patent lumens 
from beginning to end, while in others only one branch was open to the 
passage of blood. The majority of reports describe asymptomatic 
dissecting room specimens. Additional congenital defects in the heart 
or great vessels have been occasionally encountered but not with any uni- 
formity or special frequency. It is of interest that all cases clinically 
recognized were in adults, in whom physical findings and radiologic 
distinctions are much clearer and more distinct than in the infant. 

Within the case reports in the literature are included the infants whose 
histories are summarized below. These all presented a more or less 
similar clinical picture, consisting of stridulous breathing, chronic cough, 
respiratory distress while feeding, failure to thrive, susceptibility to 
bronchopneumonia, head retraction, and malnutrition. 


SUMMARIES OF CASES IN LITERATURE 


Case 1.—C. Th. von Siebold.¢ Infant was 10 days old at death. Cyanotic and 
feeble since birth. Breathing was loud and stertorous and not improved by toilet 
of the mouth and nose. During nursing the child would drop the nipple almost 
every minute, erying, and the blue color of the body would increase. Stridor 
persisted until death. The necropsy showed congenital heart lesion with defect of 
interauricular septum and complete transposition of great vessels. There was also 
a double aortic arch forming a ring which encircled the trachea and esophagus. 
The ductus arteriosus was normally placed and patent. The author ascribed the 
dysphagia and stridor to the aortic collar and the cyanosis to the heart lesion. 


Case 2.—Buschendorff.* Male infant, aged 6 weeks at death. Symptoms con- 
sisted of loud stertorous breathing, with expiration and inspiration prolonged and 
labored. Attacks of cyanosis would appear during crying or spontaneously, and 
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regularly followed nursing and drinking. Birth weight was 3.25 kg. The spleen 
was palpable. Chvostek sign was negative. The child did poorly and died two weeks 
after admission to the hospital. At necropsy a normal left-sided aorta having the 
usual branches was present, with a large anomalous artery linking the first part of 
the subclavian artery with the top of the descending aorta. There was thus formed 
a complete arterial ring (double aortic arch) surrounding the trachea and esophagus, 
both being constricted at this level. The lungs were pale and the thyroid enlarged. 


Case 3.—Schleussing.8 Male infant, aged 1 month at death. No clinical in- 
formation is given except the clinical diagnosis of congenital stridor due to thymus 
hyperplasia. The pathologic findings included double aortic arch compressing trachea 
and esophagus; widely patent ductus arteriosus in normal position, right sided dis- 
placement of the descending aorta, and patent foramen ovale. 


CasE 4.—Ewald.9 White male, aged 5 months at death. Born at full term. Ever 
since birth the parents noted a peculiar cough and dyspnea during and immediately 
after nursing. Both symptoms became more marked as the baby grew older. When 
two months old the child was admitted to the hospital with brochopneumonia, There 
was considerable difficulty in breathing which was partially relieved when the head 
was retracted. He had many paroxysms of dyspnea with cyanosis and bitonal cough. 
The pneumonia cleared, recurred, and cleared again. Following x-ray treatment for 
thymic enlargement the respirations became less labored, but the child ate poorly 
and failed to gain weight. In the last two months of life stridor and dyspnea grew 
very noticeable, and there were several nearly fatal attacks of suffocation. Emacia- 
tion developed, and the child expired at five months. 

The clinical diagnoses were stenosis of trachea and inanition. Necropsy showed 
a double aortic arch, of which the ieft branch was completely stenosed and the 
lumen obliterated for a short distance beyond the origin of the left subclavian artery. 
The lower part of the left arch was present as a blind blood-filled diverticulum 
arising from the junction of the right arch with the descending aorta. The ductus 
arteriosus was normal. 


Case 5.—Herrmann.1° White female, aged 8 months at death. Gestation had 
been normal and the birth weight was 91% pounds. Cyanosis and wheezing were 
present at birth, but cleared up promptly. The wheeze recurred at 6 weeks. A 
roentgenogram taken at the University of Nebraska Hospital at 10 weeks of age 
showed slight widening of the shadow of the upper mediastinum. 

One radiation treatment given for possible thymic enlargement gave some relief 
for about six weeks, after which time the wheeze returned with accompanying cough 
and loss of weight. She was admitted to the hospital when 6 months old weighing 
only 12 pounds 14 oz. The observations were summarized as follows: an under- 
nourished child with a chronic peculiar staccato cough, wheezing respiration, and 
coarse gurgling rales on inspiration. Further roentgenograms did not verify an 
enlargement of the thymus but described an unusual contour of the upper portion of 
the heart shadow. Bronchoscopic examination discovered no constriction of the 
trachea. While in the hospital the child contracted bronchopneumonia and gastro- 
enteritis, from which she ultimately died. Toward the end, head retraction, cy- 
anosis, dyspnea, and regurgitation grew progressively more severe. 

The necropsy showed emaciation, aspiration bronchopneumonia, and ulcerative 
colitis. There was a double aortic arch encircling and constricting the trachea and 
esophagus. The ductus arteriosus was patent and in normal position. The left 
vertebral artery arose from the left aortic arch. 


Case 6.—Snelling and Erb.11. White female, aged 5 months at death. Normal 
gestation. Infant weighed 6 pounds when born. Ever since birth there had been 
observed a constant audible inspiratory stridor with indrawing of the chest wall, 
which would become more pronounced during excitement, crying, and feeding. In 
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the nursing periods especially, the dyspnea would become much aggravated, and 
nursing was frequently interrupted so that the child might get her breath. A brassy 
dry hacking cough had been present since two months of age. Beginning at 3%4 
months, cyanotic collapse attacks requiring artificial respiration became more and 
more frequent, taking place during or following feedings. A chronic upper re- 
spiratory infection appeared. The last month of life was spent in the Hospital for 
Sick Children at Toronto where chest roentgenogram showed peribronchial in- 
filtration. Barium study demonstrated both cardiospasm and a constriction of the 
esophagus opposite the third and fourth dorsal vertebrae. Death was due to pneu- 
monia. The clinical diagnosis was right aortic arch. The necropsy showed a double 
aortic arch compressing trachea and esophagus, bronchopneumonia, otitis media, and 


malnutrition. 


COMMENT 


The case here reported (L. H.) presented the same clinical picture 
as did the infants whose histories are summarized above. In every in- 
stance the symptoms were mild or absent at birth, but became progres- 
sively more marked as time went on, and led to death before the age of 
6 months. In none was the correct diagnosis of double aortic arch made 
before death, although in one infant (Case 6) the related condition of 
solitary right arch was suggested. 

In this disorder physical examination reveals nothing unusual except 
perhaps alteration in the auscultatory breath sounds secondary to 
tracheal stenosis. Roentgenograms of the chest may show some broaden- 
ing of the upper mediastinal shadow, but this sign is of little practical 
value since other conditions in the chest give rise to the same appear- 
anee. Confirming evidence may be found in the radiologic detection 
of esophageal constriction at the aortie arch level when barium is fed. 
Irradiation therapy over this region causes no diminution of the 
radiologic contours although two patients were temporarily relieved by 
such treatment. Direct fluoroscopy in very skillful hands may succeed 
in demonstrating the two arches. 

If the diagnosis could be correctly arrived at during life, it is possible 
that surgical treatment of the arterial stricture might be attempted. 

Attention has recently been called* to the clinical and roentgenologic 
findings shown by adults having a double aortic arch with complete 
patency of the right arch and persistence of the left in the form of 
the left subelavian artery, a short occluded isthmus portion, and an 
upward, blind diverticulum from the termination of the right arch. 
Arkin deseribed six cases, two having post-mortem corroboration. None 
showed symptoms. Discovery of the anomaly was incidental to routine 
physical and radiologic examination of the chest and was based on 
characteristic fluoroscopic and physical findings. 

The distinctive characteristic of constricting double aorta in infancy 
seems to be the distressing aggravation of symptoms which takes place 
during swallowing. Differential diagnosis must include all conditions 
which produce chronic respiratory tract obstruction at this age period. 
There is one infant on record’? having a history almost identical with 
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the seven presented above, in whom the constricting vascular circle was 
formed by a right aortic arch, the obliterated ductus arteriosus, and the 
pulmonary artery. 

It appears, therefore, that the presence of double aortic arch cannot 
be suspected during infancy unless the trachea and esophagus are 
mechanically interfered with, in which event the symptoms are more or 
less characteristic, and the prognosis becomes very poor. 


SUMMARY 


An instance of double aortic arch constricting trachea and esophagus 
is described, along with six others collected from the literature. These 
cases showed a common and more or less characteristic syndrome, which 
consisted of stridorous breathing, dysphagia, chronic cough, suscepti- 
bility to bronchopneumonia, head retraction, malnutrition, and onset 
during early infancy. The most distinctive symptom was an increase in 
respiratory distress during feeding. 
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CHAIRMAN MITCHELL.—In this panel we want to arrive at some conclusions 
among ourselves which we can present finally and which we hope will be of some 
assistance to the clinician. Some questions we wish to ask pertain to the possible 
functions and the physiology of the thymus gland and Dr. Einhorn will certainly 
take part in that part of the discussion. Dr. Boyd will discuss the roentgenographic 
diagnosis and treatment. In my opinion, Dr. Helmholz belongs in the group of 
thymus skepties, and I hear that Dr. Helmholz thinks that Dr. Spohn is a thymus 
enthusiast. 

There are several questions, and I am going to ask some of those questions. As 
a beginning, ‘‘Has this particular bit of tissue called the thymus any function and 
if so what is the proof?’’ Dr. Einhorn, will you open the discussion? 


DR. NATHAN H. EINHORN.—I have taken from the literature a number of 
the more important evidences indicating that the thymus may have an endocrine 
function. Briefly, the following contributions may be mentioned: 

1. Experimentally its behavior resembles that of other endocrine glands. Thymus 
excess produced by injection of thymus extract has resulted in an acceleration in 
the growth and development of the offspring in successive generations of treated 
parent rats. This increased rate of growth is most pronounced prepubertally 
when the thymus is at its largest and in its most succulent state. Thymus deficiency 
produced by removal of the thymus causes the opposite effect; namely a retardation 
in the rate of growth and development of the offspring. Thymus deficiency in the 
pullet has been shown to lead to the production of shell-less eggs. The effects of 


. thymus deficiency can be readily overcome by administration of thymus extract 
or by thymus implants. The iodine-reducing substances, glutathione, ascarlie acid, 
% and apteine found by Dr. N. K. Shaffer to be present in thymus extract, accelerate 
7” growth and development in the offspring of normal rats but are ineffective in 
thymectomized rats, indicating that these substances have trophic actions. 


As with the admittedly well-known endocrine glands, there seems to be an inter- 
relationship between the thymus and other glands, as is indicated by the following 
evidence: At puberty the gonads undergo marked development, while the thymus 
undergoes marked recession. 
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2. Castration causes persistence and hyperplasia of ‘the thymus. 

3. Adrenalectomy causes a persistent enlargement of the thymus. Conversely, 
it has been observed that animals with large thymus glands have small adrenal 
glands. 

4. Thyroidectomy results in an increase in the size of the thymus, while the 
administration of pituitary thyrotropic hormone results in a reduction in the size 
of the thymus. Hypophysectomy done prepubertally delays involution of the 
thymus. Irradiation of the thymus in one- to two-day-old rats results in retardation 
in growth and virility in the male, and finally the administration of thymus extract 
to normal rats produces early maturation of the ovaries and testes as well as increase 
in the number of eosinophilic and basophilic cells in the pituitary gland. 

DR. MITCHELL.—Dr. Einhorn will show a moving picture later to bear out 
some of the statements he has made here. Dr. Einhorn, this work of which you 
speak has been done entirely on rats, has it not? 

DR. EINHORN.—Yes, and much of the work that I have quoted has been the 
work of other investigators. My own work has, of course, been with Drs. Leonard 
Rowntree, Arthur Steinberg, and W. K. Shaffer. 


DR. MITCHELL.—Is there any application of these experimental studies which 
ean be translated to the clinician? 

DR. EINHORN.—There are no clinical results from our work as yet. May I 
note that the absence of the thyroid gland produces an increase in the size of the 
thymus. 

DR. HENRY F. HELMHOLZ.—I would like to ask Dr. Einhorn whether he has 
found in cases where death has occurred from toxic goiter that there is not an en- 
larged thymus. 

DR. EINHORN.—I cannot answer this question from personal experience. This 
observation has, however, been recorded in the literature by Hammar. 

DR. MITCHELL.—I am going to ask Dr. Boyd what constitutes a normal 
thymus gland, 

DR. EDITH BOYD.—When we come to consider the question of normal thymus, 
we are faced with the fact that the thymus is one of the most sensitive organs 
in the body. Inanition from any cause whatsoever, inanition from lack of water 
alone, inanition from lack of water and food, inanition from infection, reduces the 
size of the thymus within three days to about one-third of its size in a well- 
nourished animal, including the human. 

I will show some lantern slides which set up a reasonable standard of normal 
size of the thymus gland based upon autopsies of thymuses from individuals dying 
of accident within 24 hours of their injury. All other cases have been excluded. 

We consider the cause of death as adequate when the child fell fromya third- 
story window or was knocked down by an automobile and picked up dead with a 
fractured skull; or when we recovered 25 mg. of strychnine from his stomach, and 
the like. 

In Fig. 1 I want to point out what we consider a normal thymus gland when we 
pick individuals who were in a good state of nutrition at the time of their death. 
Here I have normal standard set on the basis that the middle 50 percentile line 
represents the average, so that it is expected that half of the weights of normal 
thymuses will fall above this middle line, and that 50 per cent will fall between the 
25 and 75 percentile lines. It is expected that 80 per cent of normal individuals will 
fall between the 10 and 90 percentile lines, and that 20 of the normal subjects 
will fall entirely outside the shaded zone. Now I have indicated the upper limit 
of normal weight of the thymus as ordinarily given in the literature, namely, 20 gm. 
You will notice that it almost hits the lower 10 percentile on the line in children 
from 5 to 15 years of age, and that after about six months it is below the average 
weight of the thymus. . 
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It is very hard for me to consider as abnormal any organ that is below the 
average size of that of well-nourished individuals; it is certainly not an enlarged 
gland, since it is in the lower half of the normal range. 

The next slide (Fig. 2) brings up ancther question. The thymus is made up of 
three distinct tissues: a medulla which contains Hassall’s corpuscles, the cortex 


536 
25% 
10% 
| 50 
Yj YY 
4 G20 | 
LOL - L100 
H 
! 
| 
{0 - 254 
35 40 90 


AMERICAN ACADEMY OF PEDIATRICS 


Total Thymus 


TS) 


SSASS 


=> 


TUT TTT TT TT 


AO 90 


made up of framework that contains chiefly lymphocytes, and the supporting con- 
nective tissue. The slide demonstrates that the cortex constitutes the largest portion 
of the weight of the thymus in the early years of life. After puberty, however, 
the connective tissue and fat make up the greater part of the weight of the thymus, 
so that parenchymal tissue is decreasing. What about this parenchymal tissue? 
In Fig. 3 in the middle panel I show the whole parenchyma. The middle, dark 
shaded zone includes the middle 50 per cent, and the outer zones include the 
middle 80 per cent of normal parenchymal weights. Here I am entirely working from 
Hammar’s material. These graphs of component parts are based entirely on 
his extensive data. I think his monumental work is not recognized primarily because 
his German is difficult to read. The Irish woman who translated the more difficult 
sections for me wrote: ‘‘When an Irishman translates into English the German 
written by a Swede, what you are about to receive is the hest that can he expected.’’ 
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Here you see the demonstration that parenchyma increases with age in the early 
period of four or five years and then sometime around puberty, or a little before 
puberty, it begins to decrease, while at the same time the connective tissue and 
fat continue to increase in a rather uniform manner. Now, this parenchyma is made 
up of two quite different tissues, the cortex and medulla. Fig. 4 shows you these 
separately. 
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And here you see the cortex which is made up chiefly of leucocytes which migrate 
from the thymus during all types of inanition. You see that the growth in the 
cortex takes place in the first six years, then it is about stationary in weight, and 
then begins decreasing slightly before puberty. The medulla itself increases rapidly 
in the first few years, then increases slowly to sometime around the age of 12 to 
13 years, and then decreases in size. As age increases there is also a decrease in 
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variability. This slide also shows that the corpuscles which are part of the medulla 
tend to parallel in their numbers the general pattern of the medulla. Now this 
gives a general picture of what happens to the thymus when we limit our data to 
those persons who have died of accident within twenty-four hours of their injury 
and in which there has been no question whatsoever in the mind of pathologists 
that death was due either to trauma or to some such cause as poisoning by strych- 
nine or carbon monoxide. 
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I think that gives the normal picture. Now the question has already been 
brought up concerning enlargement of the thymus in exophthalmic goiter, and Fig. 5 
will give the evidence on this. Here you see that in exophthalmic goiter we un- 
questionably have enlargement of the thymus. I have rarely seen any thymus above 
60 grams in weight in the case of an individual killed in an accident, and yet 
here you see weights ranging up well above 65 gm. So here is evidence in the 
human being of an enlargement of the thymus in exophthalmie goiter, and also, 
as Fig. 6 shows, this enlargement is due to increase in functional tissue, the 
parenchyma, and not due to increase in the connective tissue. 


DR. MITCHELL.—What significance do you think all this has in relation to 
such a matter as sudden death as related to the size of the thymus? 


DR. BOYD.—What has been called the enlarged thymus is the normal thymus 
of the well-nourished individual. 

DR. MITCHELL.—Does anyone on this panel take exception to that particular 
statement? 
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DR. ALFRED HOWARD SPOHN.—Sometimes we get so-called thymic syndrome 
symptoms when roentgenographic shadow of the thymus is not particularly large 
or is within normal limits. 
DR. MITCHELL.—It is a good time to ask Dr. Chamberlain, our radiologist in 
the panel, what he can tell us of the thymus and its enlargement. In other words, 
what is this business of enlargement of the thymus on the roentgenogram and 
what does it mean? 
qm. Exophthalmic Goitre 
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DR. W. EDWARD CHAMBERLAIN.—Radiologists have made the diagnosis 
‘enlarged thymus’’ a great many times when no such enlargement was present. 
Some years ago this mistake was very prevalent. Neither we nor our clinical col- 
leagues were aware of the actual limits of normal variation. Now Dr. Boyd’s 
material shows very plainly that within the limits of normal variation the thymus 
gland may vary fourfold in size; in other words, the roentgenogram may reveal 
a thymus shadow of greater than average size without justifying a diagnosis of 
**thymie enlargement. ’’ 

We do hold to this—that roentgenograms made before and after irradiation of 
a demonstrable thymus will show a decrease in the size of the organ as a result 
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of the treatment. Such demonstrations prove that the size of the thymus can be 
successfully visualized by roentgen examination, but they do not justify the con- 
clusion that the thymus was abnormally large before the administration of the 
x-ray treatment. 

A great many radiologists are beginning to doubt the significance of the thymic 
shadows which were formerly labeled ‘‘enlarged.’’ But some of us continue to 
administer x-ray treatment to these children. We are under a considerable pressure 
to do so. Sometimes the pediatrician insists upon it. We know that x-ray treat- 
ment of thymic enlargement, whether fancied or real, is harmless when properly 
given. We know that cases of sudden death in children are likely to be ascribed to 
thymic enlargement and that even though the shadow we are considering may be 
within the normal limits, it will recede as a result of x-ray treatment. And, finally, 
we know that while we ourselves may be skeptical, many ‘‘ otherwise competent’’ 
observers, both radiologists and pediatricians, will agree with us if we say that 
the thymus is enlarged. So we are but following the line of least resistance 
when we decide that one of these children needs irradiation. 


I am beginning to wonder how much of the shadow we so glibly call ‘‘thymus’’ 


is actually due to that organ. We have all of the superior mediastinal structures to 
cope with in this region. This morning, at the ‘‘breakfast table panel,’’ I received 
a severe lesson in this matter of the anatomy of the superior mediastinum. Dr. 
Boyd’s demonstration has shot some of my former ideas full of holes. 

For example, maneuvers like the Valsalva experiment (inspiratory effort against 
a closed glottis while in an expiratory phase of respiration; expiratory effort 
against a closed glottis while in an inspiratory phase of respiration) always pro- 
duce changes in the width of the superior mediastinal shadow. I have been in the 
habit of considering these changes as partly due to changes in the blood content 
of the thymus. But Dr. Boyd has convinced me that the thymus is not a very 
vascular organ and I realize that the great vessels must have been the chief factors 
in the changing shadow. 


Sp ] 
5 
| 
a | 
Fig. 7. ‘ 


542 THE JOURNAL OF PEDIATRICS 


Now I think I ought to say something about the connection between thymic 
enlargement and respiratory embarrassment, even though I think, or at least I hope, 
that clinicians rather than radiologists were the ones who raised that question. I 
have never been able to see how the stridor that children have could possibly have 
anything to do with the thymus. It just is not in the cards that a large organ 
in that region would produce the kind of stridor that has been heard in these cases. 

Fig. 7 is a roentgenogram of a patient who did have a real enlargement of the 
thymus due to a thymoma. These symptoms are somewhat rare, but this one was 
a proved case. You will notice a very large thymus shadow, and I want to tell 
you what the breathing of this child was like. Inspiratory as well as expiratory 
passage of the air was impeded. This little patient was given irradiation; before 
the roentgenogram showed any decrease in the size of that thymus, respiratory 
embarrassment was about 50 per cent improved; and by the time the slightest de- 
crease in the size of that thymus could be measured on the roentgenogram, there 
was complete relief from the respiratory embarrassment. In other words, in this 
ease the trachea was compressed, and instead of hearing the laryngeal stridor which 
we have so often ascribed to the thymus we had the inspiratory and expiratory 
stridor that I have just illustrated. 

DR. MITCHELL.—Dr. Boyd, do you have anything to say here? 

DR. BOYD.—I will bring up what was discussed at the breakfast table. Dr. 
Chamberlain asked me what was the largest vein going into the thymus gland, and 
I said that it was the one that goes directly into the innominate vein and measured 
about 2 mm. in diameter. I think the thing that is overlooked is that the thymus 
vein fits closely around the innominate vein. If there is congestion in the medias- 
tinum, it is probably due to dilatation of the innominate vein, and that is probably 
what is seen on the roentgenogram. At least Dr. Chamberlain was enough of a 
gentleman to grant that that might be it. The thymus itself is not particularly 
vascular, 

There is another point which may be applicable in some cases of relief of 
symptoms following irradiation. In children dying of acute respiratory infections 
(pneumonia) within the first few days of illness, the mucous membranes of the 
trachea and bronchi are frequently engorged. Unquestionably in infections there is 
enlargement of lymph nodes draining that infected area, and reduction of these by 
irradiation would cause improvement. I raise the question that, if relief is obtained 
from irradiation in such cases, why not say it might be due to a reduction of 
hypertrophy of the lymphoid tissue? In children dying of infections under 24 hours 
of the onset of their illness, in very rapid fulminating infections, the weight of the 
thymus is still within the normal zone of variation. In death from one day to one 
week after onset of illness we get obvious reduction in the size of the thymus. I 
can show this on a slide. 

DR. MITCHELL.—Pardon me a moment, Dr. Boyd. If I understand you cor- 
rectly, Dr. Chamberlain, you demonstrated roentgenograms here in which the patient 
did have symptoms with an enlarged mediastinal region and these symptoms disap- 
peared after x-ray treatments, but before there had been a reduction in size. 


DR. CHAMBERLAIN.—Before the reduction was visible on the roentgenogram 
but the reduction in size must have taken place. 

DR. MITCHELL.—I just want Dr. Helmholz to be thinking about the next 
question I am going to ask him, which is whether he thinks that the thymus gland 
by enlargement can cause symptoms of dyspnea and cyanosis. 

DR. BOYD.—Now on this particular slide (Fig. 8) I have the middle 50 per cent 
zone and that is the 75, 50 and 25 percentile from birth to 90 years of age in 
the cases of infection according to the length of time the individual lived after 


onset of symptoms. The data presented show that within from one to seven days 
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of illness there is significant reduction in thymus weight and that in infections which 
have lasted over one week, 94 per cent of the thymus weights fall below in the lower 
25 per cent group of weights. 

Now these are the thymus weights from which the standards were set up when 
it was stated that any organ above 20 gm. in weight was hypertrophied, and you 
see actually that the pathologie reduction was considered normal. 


DR. MITCHELL.—I think we ought to stick for the moment to what we really 
started discussing, namely, whether enlargement of the thymus can cause symptoms. 
What Dr. Boyd has told us, I think we accept. There is no argument from the 
anatomical viewpoint that what in the past was considered enlargement of the 
thymus was the normal thymus, and I think Dr. Boyd has demonstrated that to the 
satisfaction of all of us. A question does arise at times because this is necropsy 
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material, and it is queried whether perhaps something happens after death which 
changes the picture. Therefore, we come back to the matter of roentgenograms. 
So far we have discussed the matter of roentgenograms rather briefly. The plate 
which you have showed us, Dr. Chamberlain, was an anteroposterior view. What 
does such a picture mean in relation to pressure symptoms? 


DR. CHAMBERLAIN.—We must, of course, start out with recognition of the 
facet that the lateral lobes of the thymus can be very large without producing any 
difficulty, for the reason that there is plenty of space for the lateral lobes to occupy 
alongside the pericardium on both sides. 

DR. HELMHOLZ.—On what basis, Dr. Chamberlain, do you usually give x-ray 
treatment in cases of thymic enlargement? 

DR. CHAMBERLAIN.—I have usually been permitted to decide whether the 
enlargement was significant. Now when I say ‘‘significant enlargement’’ I must 
go on the defensive immediately because you may say that it is not of significance, 
but I think I should tell you a story because I agree that we may have a very large 
thymus shadow without symptoms. 

Langley Porter was writing a book in 1919 and he asked me to get for him a 
normal roentgenogram of the chest of a 1-year-old child. I said that would be easy 
because my sister had a little girl who was born just a year ago, and at the age of 
1 year she had never had an infection or any trouble of any sort. So I got the 
niece to come over and be x-rayed on her birthday. To my amazement she had a 
huge thymus, bigger than her heart; she had absolutely no signs of symptoms, and 
never had had. 

I did nothing about it, I did not treat the child because I thought that would 
be meddlesome. I had discovered this thing accidentally, and for all I knew it was 
within the limits of normal variation. Three years later, however, when she was 4 
yearse old, a nose and throat specialist decided to give the child an anesthetic for 
the purpose of seeing whether she had adenoids in her nasopharynx. When that 
short anesthesia (it was given for the purpose of giving her just a brief moment of 
unconsciousness) was administered, she immediately went into a deep cyanosis and 
was absolutely choked up. 

DR. HELMHOLZ.—Does not this often happen when children have normal 
shadows? 

DR. CHAMBERLAIN.—(If you will do your heckling when I finish my story) 
I think, Dr. Helmholz, that you are trying to take away from me my most precious 
theories regarding my most remarkable cases. : 

At any rate the point that I thought was significant was that, when the child 
had become absolutely limp and relaxed, she began to breathe again, and I began 
to question whether these so-called thymie deaths are really due to the thymus. 
I said to myself: ‘* Why should room for airway be re-established when the struggles 
stop and the child is relaxed?’’ My niece is now a girl of 19 or 20 years, and we 
have never irradiated her thymus, not even after that episode, but we did take films 
once in a while. The next film was taken when she was about 12 years old, and she 
had a perfectly normal mediastinal shadow. 

DR. HELMHOLZ.—I think you know, Dr. Chamberlain, that I just want to 
emphasize some of the points that you are making, because I could not have a 
better case to back up my story than the one you have told. Unfortunately I have 
had similar cases where the child at the onset of anesthesia stopped breathing and 
only by artificial respiration were we able to revive him. I do not believe that such 
an incident proves at all that the thymus is in any way responsible. 

DR. BOYD.—What is the basis for standards of the normal thymus limits on the 
roentgenographie plate? 

DR. CHAMBERLAIN.—I have no organized data. I can only say that I believe 
I carry in my head some data which allow me to form opinions. I believe also that 
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I can recognize the variations of the normal and that 1 know when a thymic shadow 
is bigger than the average or bigger than 80 per cent of the cases that I consider 
normal, 

DR. BOYD.—What do you consider the significance of something that is bigger 
than average? 

DR. CHAMBERLAIN.—I keep a biological distribution chart currently in front 
of me—for heart size, for position of the viscera, an! for the size of the thymus. 
However, I do not become hysterical when I see variations from the average, and 
I give as evidence of that the case already cited in which when the thymus was 
bigger than the child’s heart I did not even administer irradiation. 

DR. MITCHELL.—Do you think an increased size of the shadow in the medi- 
astinal region on the roentgenogram can be associated with such symptoms as dyspnea 
or cyanosis? Do you think that a large thymus does cause symptoms of obstruction? 

DR. SPOHN.—It may or it may not cause symptoms of obstruction, but symptoms 
due to obstruction are in my opinion very rare. 

Our chairman has suggested that before this demonstration was through we might 
be able to throw out the term ‘‘status thymicolymphaticus.’’ I quite agree with 
him, but I would say that if we do it we must substitute something else for it such 
as ‘‘thyro-thymicolymphaticus.’’ Yesterday I attended a demonstration on fluid 
administration at a round table conference, and I was amazed to find that they 
have in the East certain problems that some of us had almost forgotten about in 
Vancouver. I mention this to emphasize that there is a certain geography of dis- 
ease and because, if certain competent observers in one part of America do not 
observe certain clinical conditions, this does not necessarily mean that such conditions 
do not exist in other parts of the continent. 

I would like to limit most of my remarks to the relationship anatomically, physio- 
logically, and pathologically between the thyroid and the thymus glands. Also I 
would suggest that there is some significance in the decrease in incidence of oc- 
currence of this syndrome in certain goiter districts following the general use of 
iodine therapy. Now I might say that such men as Dr. Bilderback, Dr. Durand, and 
Dr. Barnett, and Dr. McCormack, as well as myself, went on record twelve years ago 
about the great frequency of this syndrome, and I do not think we were seeing things. 
Now we rarely see such symptoms, and I make the suggestion that, when, for 
example, in British Columbia we can change the make up of animals and plants, and 
I think of human beings, by the judicious administration of iodine, we should give 
more consideration to this thymus-thyroid relationship. I remember that in 1929 
Prof. Feer of Zurich told me that cases of status thymicolymphaticus had decreased 
in Switzerland as iodine therapy became more extensive. I emphasize also the fact 
that so-called status thymicolymphaticus symptoms may occur when there is slight 
enlargement or when an enlarged shadow in the thymus region cannot be demon- 
strated. Individuals exhibiting this syndrome have certain physical ‘similarity. 
I think also that x-ray treatment over the region of the thymus produces an allevia- 
tion of certain symptoms which are looked upon as being related to the syndrome 
under discussion. 

DR. MITCHELL.—Would you mind mentioning the symptoms of this syndrome 
at this point? 

DR. HOWARD SPOHN.—They are dyspnea of.an intermittent type not related 
to cardiac disease or atelectasis; cyanotic attacks not related to cardiac pathology; 
intermittent suffocative spasms with or without crying or temper attacks; stridor, 
usually expiratory and not connected with a nutritional state such as rickets or with 
obstruction of the trachea from mechanical or other causes; breath-holding spasms 
accompanied by cyanosis and shock; shock and collapse from seemingly insufficient 
causes such as opening furuncles, administering anesthetics, etc. 

DR. HELMHOLZ.—Dr. Spohn, do I understand you to mean that all these symp- 
toms are due to an insufficiency of iodine? 
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DR. SPOHN.—No, not at all. 

DR. HELMHOLZ.—Not even when you state that since the introduction of iodine 
these cases have practically disappeared in your goiter belt? 

DR. SPOHN.—No, I do not think that is the right conclusion. 1 think that just 
beeause iodine relieves or changes certain conditions in the thyroid, it is quite un- 
scientific to say that these things are produced by lack of iodine. For example, in 
malaria quinine is a curative agent in the treatment of this disease, and yet malaria 
is not caused by lack of quinine. 

Another point: x-ray treatment over the thymus region produces alleviation of 
these symptoms, and there appears to be no scientific proof whatever that irradiation 
in competent hands and in recognized dosage has produced any physical or mental 
deterioration. Other physiologic observations also, such as those made by Dr. 
Einhorn, with which I am perfectly in accord, indicate that the thymus is a gland 
of internal secretion. 

May I say this: according to Warthin, Williamson, Barry and Pierson, MeCarri- 
son and others, especially Warthin, who is familiar to you, practically every adult 
dying of certain types of toxie goiter showed pathologie changes in the thymus gland 
and an enlargement which in normal adult life is unusual. Only last week in Van- 
couver we saw a girl of 24 years of age with a toxic goiter who succumbed unex- 
pectedly. She had a small hyperseeretory thyroid and a large thymus. On the train 
I met a pathologist from Portland who had witnessed a similar occurrence. 

In regard to anatomical connection: Williamson states that quite commonly a 
series of cysts can be followed almost in sequence from the hilum of the thyroid 
into the upper pole of the thymus along the so-called stalk or ligament of the 
thymie lobe. These varicosities often extend into the substance of the thymus in the 
mediastinum. The region of distribution of the lymph cysts coincides with the 
region of distribution of thymic tissue from the hilum downward into the medi- 
astinum. That isolated, as well as compact, masses of lymph tissues in this region 
are thymic tissue is demonstrated by the finding, even in the hilum of the thyroid 
lobe, of the characteristic Hassall corpuscles. Careful dissection of the stalk of the 
thymus reveals the fact that it takes origin in the hilum of the thyroid lobe. This 
stalk, when it is well defined, is seen to be composed of vessels which have all the 
characteristics of lymphatic vessels. Lymph is encountered in the channels. Fre- 
quently the component lymphatics, with care, can be dissected from the lateral sur- 
face of the trachea, on which they lie, and traced to their origin in the hilum of the 
thyroid lobe. On the other hand, these vessels may not be collected together into 
a cord or leash, but may spread over the tracheal surface of the thyroid lobe and run 
down almost independently into the thymus. Thus it seems clear that there is a 
very definite lymph system which emerges at the hilum of the thyroid and passes 
directly into the lymph spaces of the thymic nodes. 

There are two processes that occur in the normal thyroid gland: one is passive 
accumulation of colloid, or colloid storage; the other is the active process of secre- 
tion. Colloid is not secretion but is possibly of the nature of a carrier or vehicle 
which, like the taurocholates and glycolates of the bile, is continually in circulation 
in the body. Only the excess or reserve of the bile is stored in the gall bladder, and 
Williamson suggests that only the reserve of the colloid is stored in the thyroid gland 
by the process of colloid storage. 

There are three physiological phases in the thymus gland: (1) a lymphocytic 
stage, (2) a granular lipoid stage, and (3) a vesiculated fat stage. These phases 
of physiologic change are similar to changes described by Gulland and Job in the 
so-called secondary lymphatic glands. The thymic gland, like other secondary 
lymphatic glands, exhibits great difference in appearance during the course of its 
activity. During the normal active secretory phase of the thyroid, a lymphocytic 
secretory phase can be demonstrated in the thymus by sections made at such times. 
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As will be mentioned later, a different phase is shown in the thymus in such an ab- 
normal state as toxic goiter. In a publication Williamson demonstrates that the 
thymus and thyroid may in many ways be regarded as one organ and that the thymus 
up to puberty is engaged in detoxicating one of the thyroid secretions, namely, the 
secretion of hyperplasia. Also, one other point: one hears of many deductions in 
regard to status thymicolymphaticus that are made on observations of children from 
3 to 10 years of age. Statistics have been collected of thousands of cases taken 
around the tonsil age. In my experience, 98 per cent of all so-called thymic syn- 
drome deaths occur within the first eighteen months of life. 


Fig. 9. Fig. 10. 


Fig. 9.—Squameus type of enlarged thymus in a female infant at the age of 9 
months. This shadow could hardly be mistaken for the shadow of other structures. 

Fig. 10.—Case of G. T., aged 19 months. This child showed very alarming clinical 
symptoms as described in text. The shadow was interpreted as being due to an en- 
largement of the thymus. This picture was taken before x-ray treatment. No other 
therapy was employed. 


Fig. 11.—Case of G. T. Very marked thymic shadow. Patient showed alarming 
clinical symptoms. This picture was taken after the second x-ray treatment. Great 
clinical improvement was apparent at this time although the shadow is still large. 


I just want to show one or two slides illustrating the type at least the West Coast 
pediastricians believe exhibit symptoms to which they must pay attention (Fig. 9). 
I know of no other therapy but x-ray for such cases. 
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This (Fig. 10) slide demonstrates the thymus x-ray in a child who was brought 
to me dying on a pillow. I am not particularly concerned about what influenced his 
thymus or what tissues were affected by the irradiation, but I want to emphasize 
the result, which was quite as spectacular as any operation in brain surgery. This 
second slide (Fig. 11) is after the second treatment. 

DR. MITCHELL.—What symptoms did this child have, Dr. Spohn? 

DR. SPOHN.—His father called me and said: ‘‘ Doctor, I have a child 19 months 
of age who has been seen by a great number of physicians. I am losing my business 
through staying at home watching the child; my wife is in a highly nervous state ; 
and if we cannot get relief, we think it would be almost better for the child to die. 
The child has repeated attacks, during which he becomes limp and slightly blue, and 
appears to be dying.’’ 

The child was brought in for examination and found to have a very marked 
secondary anemia. There was a history of sudden attacks in which he would become 
flaccid and cyanotic and yet with a peculiar characteristic pallor. He appeared to 
be dying. After a thorough examination he was found to have an enormous thymus. 
He was irradiated and had two of these attacks the following week, one attack the 
next week, and no further attacks. His anemia improved with dietetic measures 
and in two weeks he was in perfect health. Now he is a well-known football player 
on one of our high school teams. I do not care what you term it, whether you call it 
status thymicolymphaticus or something entirely different. My opinion is that I 
saved the child from death with x-ray therapy, and the parents were very grateful. 

Now may I show some anatomical sections to illustrate some previous statements? 
These dissections from the Royal College of Surgeons in London have met with the 
approval of Sir Arthur Keith; they are from reprints of Williamson of London. It 
is very difficult to inject the lymphatics in these cases—very difficult indeed—and 
yet it is interesting to know that in 1882 Sir Ashley Cooper was able to inject the 
lymphatics of a calf and demonstrate the connection of the lymphatics of the thymus 
and the thyroid. His sections are still on view at the Royal College of Surgeons in 
London. The slides demonstrated the connections of the lymphatics. 

DR. BOYD.—How old a person is that section from? 

DR. SPOHN.—These are nearly all taken from young adults. May I point this 
out: Williamson has shown that, when a patient has died of toxic goiter, with symp- 
toms which in my opinion resemble very closely the symptoms of death in the thymic 
syndrome seen in childhood, there is a hypersecretory stage and an absence of colloid 
in the thyroid. Therefore, we examine the thymus of that individual expecting it 
to show that it is in the lymphocytic secretory stage. But this is not the case. What 
we find is a peculiar granular stage in ‘the thymus. One could deduce from this that 
during that peculiar toxic condition the'secretion, which we know is present, must find 
its way into the blood stream and must produce toxic symptoms. Some continental 
workers suggest that Graves’ disease should be called toxic status thymicolymphaticus. 

There are in the Royal College Museum ‘in London thirteen cases of carcinoma 
of the thyroid gland. Nine of them show secondary changes only in the thymus, not 
in the lymphaties of the neck. Therefore, I think there is here some pathologic 
evidence of a connection between the thymus and the thyroid. 

DR. HELMHOLZ.—With regard to the findings of the carcinoma of the thyroid, 
we have observed seven patients now with that disease, and they have all metastases 
in the glands of the neck. 

DR. SPOHN.—That does not alter the fact that in other cases metastases oc- 
eurred in the thymus. 

DR. MITCHELL.—If I understand your belief, Dr. Spohn, it is that there is a rela- 
tion between the thyroid and the thymus, but I did not quite understand what that 
relationship has to do with the symptoms of obstruction, dyspnea, and cyanosis. 
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I mean, do you believe that the thymus causes these symptoms by its enlargement! 
Or do you think that some of these symptoms come about because of alteration of its 
internal secretion? 

DR. SPOHN.—I think it is a matter of internal secretion. 

At the beginning of this discussion your chairman described me as a thymus 
enthusiast. I am not quite sure just what that implies, but in order to clarify my 
views, might I state my present beliefs? 

1. Status thymicolymphaticus is more prevalent in goiter districts. 
less frequent in such districts since the more general use of iodine for endemic goiter. 

2. Status thymicolymphaticus is a real clinical entity which is much more fre- 
quently observed in children under 18 months of age; and statistics concerning 
tonsillectomy and other operations at the ages of 3 to 10 years include an age period 
during which so-called thymie symptoms have always been rare. 

3. This condition implies a lowered threshold of resistance against physical shock, 
infections, foreign protein ingestion, etc. Deaths due to so-called status thymico- 
lymphaticus are due in the large majority of cases to an apparent toxic metabolic 
disturbance which resembles the deaths occurring in exophthalmic goiter of adults. 

4. There are anatomical, physiologic relationships between the thyroid and the 


It is, however, 


thymus gland. 
5. Death from pressure of an enlarged thymus or of other vital structures is an 


extremely rare occurrence. 

6. Prophylactic maternal ingestion of thyroid and iodine is necessary in all goi- 
trous regions. 

7. X-ray diagnosis of an enlarged thymus is only an indication of the possibility 
of the existence of status thymicolymphaticus. 

8. An enlarged thymus is often a normal physiologic occurrence and may there- 
fore give no clinical symptoms. 

9, X-ray or radium treatment usually relieves the clinical symptoms of so-called 
status thymicolymphatieus and should be used conservatively until a better thera- 
peutic measure is available. 

10. There appears to be practically no scientific evidence that the use of x-rays 
by a competent radiologist, and with the doses ordinarily employed, has ever pro- 
duced either physical or mental deterioration. 

11. The status thymicolymphaticus syndrome is not a dead issue and requires 
further study to enable the profession to explain satisfactorily these peculiar sudden 
deaths to the public and themselves. 

DR. BOYD.—What is the evidence for internal secretion from the thymus? 

DR. EINHORN.—There is no experimental evidence available that would prove 
that the thymus has an endocrine secretion. This can only be inferred from some 
of the evidence available today. I have already presented material which makes one 
strongly suspect that the thymus may possibly have an endocrine secretion. This 
is suggested by its relationship to other glands as well as by its biologie activity fol- 
lowing injection or implantation. 

DR. MITCHELL.—However, Dr. Einhorn, the material which you presented and 
which you and Dr. Rowntree have published, while suggesting an internal secretion, 
has nothing to do with the matter of dyspnea, cyanosis, or sudden death. In other 
words these animals do not die, they do quite the opposite; they want to live ap- 
parently because they develop early both somatically and sexually. 

DR. SPOHN.—I think these individuals die with a derangement in internal secre- 
tion as in toxic goiter. 

DR. BOYD.—Have you any evidence, Dr. Einhorn, that the same thing cannot 
happen from extracts of lymphoid tissues or tissues other than the thymus? 

DR. EINHORN.—Extracts of various glands and tissues, such as liver, spleen, 
lymph gland, and tonsil, have been prepared in a manner identical to that used in the: 
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preparation of thymus extract; no critical evidence of any effect on either growth 
or development has been noted from the injection of any of these extracts. 

DR. BOYD.—I think that is a very significant and critical experiment. If it can 
be demonstrated that the extracts of lymphoid tissue have no effect and extracts of 
thymus do, there is offered critical evidence that the thymus does have some secretion 
other than lymphoid tissue itself. 

DR. MITCHELL.—I want to know the opinion of each member of this panel 
on the matter of enlargement of the thymus gland as a cause of symptoms of ob- 
struction, dyspnea, and cyanosis. I am going to ask, beginning with Dr. Chamber- 
lain, whether each one believes that enlargement of the thymus can cause an obstruc- 
tion which will lead to dyspnea. Answer that one, Dr. Chamberlain. Is it true or 
false? 

DR. CHAMBERLAIN.—Well, perhaps it is significant that I have, right here 
in this room, Mr. Chairman, friends who have referred patients to me and have 
either insisted upon or permitted x-ray therapy to be administered to the patient 
after the diagnosis of enlargement of the thymus was made, and I am very much on 
the spot. 

However, I shall certainly be truthful, but I am not going to be very dogmatic. 
I ean say this. I have shown you an instance in which there was a very large thymus 
(Fig. 7). It was a thymoma, it is true, and not enlargement of the thymus in the 
ordinary benign sense. In this case, as I said, we found symptoms such as shortness 
of breath, both ingress and egress of the air being interfered with. Now, I cannot 
go against certain friends of mine, clinicians, who insist that the stridor that they 
noted was improved after irradiation. It certainly should be significant that when I 
had shown that there was an enlarged thymus shadow (and I had employed a special 
technique in the lateral projection to show compression), irradiation of the thymus 
not only caused the shadow to disappear or become smaller, but that the clinician 
stated that the child was taking food better, breathing better, and that the stridor 
had disappeared. 

On the other hand, there are some very interesting anatomical points that have 
not been emphasized as yet. It is found that in some cases certain parts of the 
thymus are up in the apices of the thorax, where the jugular veins and the great 
vessels are situated. At a certain phase of respiration, particularly with the inspira- 
tory effort against a closed glottis such as the baby exhibits at the end of a ery, there 
is no question that these structures can become well jammed up. This may be of 
some significance. I think certainly that everything I have just mentioned could 
happen in a patient whose thymus was within the limits of normal size. 

DR. MITCHELL.—In other words you do think that occasionally the thymus 
causes these obstructive symptoms. 

DR. CHAMBERLAIN.—I do. 

DR. MITCHELL.—You do not think that happens very often? 

DR. CHAMBERLAIN.—No. 

DR. MITCHELL.—But it does happen? 

DR. CHAMBERLAIN.—I think so. 

DR. MITCHELL.—Dr. Helmholz, will you answer that question? 

DR. HELMHOLZ.—In view of the fact that Chevalier Jackson has demonstrated 
by examination of the larynx and trachea that narrowing of the trachea can occur 
from pressure exerted by a thymus, we must assume that this can happen. The 
only question is how often does it occur? I have been in practice for some thirty 
years, and I have yet to administer irradiation to a patient therapeutically or pre- 
operatively for so-called thymic enlargement for any reason other than a new growth 
of the thymus. I do not mean that thymie enlargement, as we are considering it 
today, does not occur, but from my experience both in Chicago and in Minnesota 
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(both of these places are in the goiter belt) I feel that obstruction caused by thymic 
enlargement other than that owing to a new growth is extremely rare. I have not 
seen a single case in which the inspiratory and expiratory stridors, as pointed out by 
Dr. Chamberlain, were owing to an enlarged thymus. I have seen eight cases in 
which sudden death was caused by, or was associated with, the production of anes- 
thesia. 

With regard to obstructive symptoms: in many instances patients who have 
received irradiation because of a so-called enlarged thymus are being treated by 
irradiation unnecessarily and without any beneficial results. The great problem, I 
think, is the relationship of the thymus to the administration of anesthetics. From 
1921 to 1938 at the Mayo Clinic, 4,214 tonsillectomies were performed. During and 
immediately after operation there was exactly one death, and that occurred in a 
severe case of acrodynia. The patient’s condition was becoming worse very rapidly 
and in view of the excellent results of tonsillectomy in cases of acrodynia reported 
by Rodda, it was considered advisable to attempt tonsillectomy. The patient died 
within a few minutes after administration of the anesthetic was started. 

In none of these cases I have mentioned was the thymus subjected to irradiation 
therapeutically, although there were many cases in which the roentgenographic 
shadow of the thymus appeared to be larger than the usual so-called normal shadow. 
I might say, however, that every one of these patients was carefully examined the 
day before operation. Roentgenologic examination of the thorax was performed, and, 
examinations of the blood and urine were made. Operation was not performed on 
any patient who had an elevated temperature. 

There were many patients who had a severe reaction following operation, but 
not a single death occurred with the exception of the one mentioned. I might say 
that from 1921 to 1928 there were 525 patients less than five years old whose tonsils 
were removed. 

So-called thymic death is supposed to be most frequent during the first eighteen 
months of life. I have the records of 1,110 patients who were operated on for hare- 
lip and cleft palate during that period, and, of these, 11 died. Two died of con- 
genital heart disease, and in these two instances the operation was done at the re- 
quest of the parents but against our advice. Three died of infection one to four- 
teen days after operation; two died during operation; and four died three and a 
half to ten hours after operation. Six of these were in a sense instances of sudden 
death, but, as far as we could determine, none of these patients had evidence of 
thymic enlargement which could cause death. 

DR. MITCHELL.—Dr. Boyd, would you answer this question? Do you think that 
enlargement of the thymus gland can cause symptoms of obstruction? 

DR. BOYD.—I think that an enlarged thymus itself, when it’s truly enlarged, can 
unquestionably cause obstructive symptoms, such as in the case of thymoma which 
Dr. Chamberlain ilustrated. However, the occurrence of the truly enlarged thymus 
is so rare that it is not something to be looked for in the ordinary healthy child. 


DR. MITCHELL.—Dr. Spohn? 

DR. SPOHN.—I think that the so-called obstruction from enlargement of the 
thymus is rare but may happen. If I may answer Dr. Helmholz, who interjected 
the remark concerning goiter belts: there are goiter belts and goiter belts. It has 
been pointed out that there are large areas in India in which there is no iodine or 
salt in the water but in which the water is boiled and in these districts there is no 
endemic goiter. When I am speaking of a goiter belt I am speaking of a belt with 
marked clinical manifestations such as we have in British Columbia, Washington, 
and Oregon. 

DR. MITCHELL.—May I ask again what is the relationship of this to the symp- 
toms that may be produced by the thymus? 
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DR. SPOHN.—I shall answer it this way. Formerly we had a large number of 
cases presenting symptoms apparently due to thymic disturbance and now we rarely 
see them. I am just suggesting that there may be a relationship between iodine 
therapy in goiter regions and a decreased incidence in status thymicolymphaticus. 
In certain districts where we have had somewhat similar deaths and other manifesta- 
tions oceurring in calves, colts, and other animals, these peculiar occurrences have 
practically ceased since iodine administration. 

DR. MITCHELL.—That is, it is your belief that the administration of iodine had 
something to do with the goiter in these animals and in the human. But we are 
trying to get the relationship between goiter and the thymus. Do you mean, Dr. 
Spohn, that, as iodine was given, the goiter disappeared and the symptoms which 
could be attributed to the thymus disappeared also. Is that right? 

DR. SPOHN.—Yes, entirely. Routine iodine therapy in goiter regions appears to 
have greatly diminished the incidence of dangerous so-called thymic symptoms. 

DR. MITCHELL.—Dr. Einhorn, what have you to say? 

DR. EINHORN.—I ean only repeat what some of the others who have preceded 
me have said. Although true enlargement of the thymus is possible, I have not seen 
serious obstructive symptoms produced by such a condition. The symptoms, dyspnea, 
cyanosis, and stridor, are not specific of thymus enlargement; they are more often 
found in a large group of well-recognized clinical conditions. To illustrate my 
point, I have seen a 6-month-old infant who received six therapeutic irradiations for 
an enlarged shadow in the upper mediastinum associated with dyspnea, cyanosis, 
and stridor. 

This child did not improve after the sixth treatment even though a follow-up 
roentgenogram showed complete disappearance of the superior mediastinal shadow. 
A closer examination of that child by means of a bronchoscope showed that it had 
congenital defects in the laryngeal cartilages. It is my feeling that these obstructive 
symptoms too often are attributed erroneously to enlargement of the thymus. 

DR. MITCHELL.—A very important point that we all must stress has just been 
mentioned. The symptoms we are discussing, such as dyspnea and cyanosis, and even 
sudden death, are certainly nonspecific symptoms. They can be caused by a number 
of conditions, and we all realize that one has to be very careful before he attributes 
these symptoms to thymus. 

There is a question which we had on our original list. Can any harm come about 
from the usual dosage of radiologic treatment to the thymus gland? I have heard 
it stated that idiocy follows such treatment. Do you believe that, Dr. Chamberlain? 
Answer yes or no. 

DR. CHAMBERLAIN.—No. It is worth a trip across the continent to get a 
chance to help lay that ghost. When my very good friend Leonard Rowntree sug- 
gested that idiocy could result from such irradiation, he was jumped on very severely 
by me and others. That is one thing that does not happen, I am sure that we 
can say that no matter how unnecessary and superfluous irradiation of the thymus 
may be, and certainly we have to admit that it may be such, we have not harmed 
the individual with the type of irradiation that is administered by a modern radiolo- 
gist for this condition. 

I have case histories of three babies in which actual damage was done by irradia- 
tion for presumed enlargement of the thymus, but in every case the treatment was im- 
properly given, and even the original diagnosis was wrong. In one case slight 
kinking of the trachea and a mediastinal shadow which was entirely within normal 
limits were mistaken for an enlarged thymus, perhaps because the film was taken in 
an expiratory phase of respiration when the bizarre appearance produced is hard to 
interpret. Irradiation therapy was administered, and then, because the x-ray appear- 
ance did not change (and it did not change because there was no enlargement of the 
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thymus there to begin with), therapy was continued until the child received twenty- 
six treatments. In another case seventeen treatments were administered, and in 
still another, twenty-three treatments. Two of these patients died of aplastic 
anemia, and the other had aplastic anemia but is still alive. These children were 
all grievously overtreated. 

I want to ask this question. What happens when the stridor is improved after 
irradiation of the thymus? I will ask you that, Mr, Chairman. 


DR. BOYD.—I think the question arises whether the benefit from irradiation is 
not due to its effects on structures in the mediastinum other than the thymus. 


DR. MITCHELL.—Now we must try to get some answer to this important ques- 
tion of sudden death as related to the thymus. 

From time to time one hears a story like this—it was perhaps the stimulation for 
this panel discussion: In a certain community a child had died suddenly. One 
physician had not ordered an x-ray of the child’s thymus and suggested irradiation 
treatment of it. It was stated that, if this had been done, the child would not have 
died. That became a matter of legal testimony and record. It would be helpful 
if we were able to throw some light on this question. Is it true, or is it not true— 
or do we not know? 

Of course, that brings up the matter of the term which Dr. Boyd says we cannot 
use, ‘‘status thymicolymphaticus.’’ She will tell you why we cannot use such a 
term when she attempts to answer this question. Now I should like to ask Dr. 
Chamberlain a question. Would the mere fact that the thymus was irradiated have 
anything to do with preventing sudden death even if it could be assumed that 
sudden death has anything to do with the thymus? 


DR. CHAMBERLAIN.—I hope, Dr. Mitchell, that my slight and wavering defense 
of the practice of occasionally irradiating the thymus does not indicate that I am 
a believer in the theory that sudden death can be due to enlargement of the thymus. 

Personally I think the thymus has nothing to do with sudden death. 


DR. MITCHELL.—I think we all agree that, simply because the cause of sudden 
death cannot be found, there is no particular reason for believing that it may be 
due to the thymus. 

DR. HELMHOLZ.—With regard to this matter: it seems to me that we must rule 
out all of the possible causes that might, during an operative procedure or during 
the course of an illness, give rise to sudden death. In many of these cases we are 
not able to put our finger on the actual cause of death. We are doing actual harm 
in hiding behind the diagnosis of status thymicolymphaticus as the cause of sudden 
death. 
DR. MITCHELL.—Dr. Boyd, do you think that the thymus, either by enlarge- 
ment or by any alteration of its internal secretion could ever cause shdden death? 


DR. BOYD.—I have no record which indicates it does. We have performed a 
good many autopsies in cases of sudden death at the request of physicians. In a 
good many of them we find definite evidence of infection. My impression is that 
these deaths in children occur more frequently during grippe epidemics. The situa- 
tion varies. Some of the children had had a slight cold and seemed to be recovering 
but were suddenly found dead; some had had slight symptoms of chest infection 
but not enough to appear serious, but then died unexpectedly; some had been ob- 
viously severely ill and died within twenty-four hours of the onset of symptoms. 
The thymus glands of those children who died quickly were within the limits of 
normal variation. The organism that we found oftenest in carefully selected areas 
from the lungs was the streptococcus. In some cases meningitis was discovered, ocea- 
sionally only when we used Gram stains of sections of the meninges and located 
streptococci there. 
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My own impression, which only is an impression, is that probably many of these 
deaths were really due to the filtrable viruses and that the secondary invaders, the 
streptocoeci, were just beginning to appear. 

DR. MITCHELL.—Dr. Spohn, what is your answer to this question of sudden 
death? 

DR. SPOHN.—I think that, if thyrotoxicosis can cause sudden death, so can 
peculiar disturbances of lymphatic and other secretory gland organs as the thymus 
also lead to sudden death. 

DR. MITCHELL.—Dr. Einhorn, I think you ought not only answer this question, 
if you wish to, but if you think that sudden death is related to the thymus you 
should state what you believe its relation is to an internal secretion. 


DR. EINHORN.—Selye, working in Collip’s laboratory, has pointed out by means 
of an interesting phenomenon which he designates the ‘‘alarm reaction,’’ a thymus- 
adrenal relationship. In adrenalectomized animals, death follows surgical shock, 
exposure to colds or subcutaneous injection of formaldehyde, even though the thymus 
attempts to compensate by enlargement. This is an extremely important point. In 
adrenalectomized animals, shock produces death. In thymectomized animals the same 
stimuli are followed by adrenal compensation and survival of the animal. In other 
words, where the thymus gland has been removed and the adrenal left intact the 
animals survive severe shock. Selye describes this alarm reaction symptomatically, 
and this deseription bears a close resemblance to the symptoms observed in so-called 
status thymicolymphaticus. This work attempts to explain this condition on the 
basis of adrenal insufficiency. 

In cases of sudden death where, after a complete and thorough search, the cause 
cannot be found, it seems that adrenal insufficiency offers a better explanation than 
does status thymicolymphatieus. Heretofore, this term has been used as a blind 
for a lack of knowledge, and it is time that we drop it. 

DR. MITCHELL.—If there is such a relationship as has been described here, 
is there treatment of the thymus that would obviate this sudden death? 

DR. EINHORN.—No. 

DR. MITCHELL.——There is one question which I am going to ask Dr. Boyd to 
answer briefly. Please define status thymicolymphaticus according to its original 
description. In the main the term has been very badly mistreated, according to 
Paltauf’s initial definition. 

DR. BOYD.—I am sorry I have not reread Paltauf’s deseription recently. As I 
remember, he described a pale, rachitic infant with prominent lymphoid tissue and 
a narrowed aorta. The narrowed aorta has more or less dropped out of the picture. 
I have never found a narrowed aorta. The thymus glands in this condition as de- 
seribed by Paltauf were within the ordinary range of those of well-nourished in- 
fants. 

DR. MITCHELL.—-There is one more question which has’ been passed up from 
the audience. Please explain the condition in a child who has convulsive seizures, 
a large thymic shadow and who, after x-ray treatment, has no more convulsions. 


DR. CHAMBERLAIN.—There is no question but that occasionally convulsive 
seizures become less frequent after almost anything you do. Sometimes, however, 
improvement may be due to release of back pressure on the veins of the neck. 
I think we have seen engorgement of these veins in conditions other than an enlarged 
thymus. It is possible, also, that occasionally the seizures of idiopathic epilepsy 
are increased in frequency by congestion of the veins of the head and neck. Sueli 
congestion might possibly be caused by an enlarged thymus and relieved by its 
shrinkage. It would be very dangerous to attempt any scientific explanation. In 
some cases there is a reduction in the number of convulsive seizures after irradiation 


AMERICAN ACADEMY OF PEDIATRICS ddd 


of the thymus; in others frequency has been apparently increased after irradiation. 
If we irradiate properly, we can say that we have not done any harm, The competent 
radiologist can treat the child and also by doing this treat the anxious parents, who 
think something is being done. The pediatrician is helped, too, 

DR. MITCHELL.—You take the pediatrician very seriously, I think. ‘*‘Con- 
vulsions’’ is a symptom of so many things that a combination of a questionably 
enlarged thymus shadow and convulsions is not a very significant one. 

Now I have no delusions that I can summarize this discussion to your satis- 
faction. It is a very difficult situation we have attempted to solve, and there are 
many questions that we have not had time to dilate upon. It appears to be the 
opinion of this panel that it is proper to say that the thymus gland occasionally 
causes symptoms of compression. Other causes for compression symptoms must be 
searched for before the thymus is incriminated. It appears also that this panel ad- 
mitted that it is possible that certain enlargements of the mediastinal structures 
can cause symptoms of compression and that radiologic treatment has some effect on 
those symptoms. This, however, is not merely uncommon but rare. Does anyone 
disagree with the fact that, regardless of the roentgenograms, the thymus may occa- 
sionally cause symptoms of obstruction? It seems to me that that is what this 
panel admitted. 

DR. BOYD.—I want to say—very occasionally. 

DR. MITCHELL.— Extremely occasionally. I have no right to attempt to sum- 
marize what we said in this panel about convulsions—we didn’t discuss it sufficiently. 
I may state my own belief that there is no proved association of convulsions and 
thymus. 

Most of the members of this panel feel that perhaps it may be just as well to 
diseard the term ‘*‘ status thymicolymphaticus.’’ We are sure also that, even if the 
thymus is in any way related to sudden death, it could only be in a secondary 
capacity; there is no treatment of this organ by injection of any extract of it, by 
radiologic treatment, or by extirpation of it, which would have any effect upon pre- 
venting sudden death. Is there any disagreement with that? 

DR. SPOHN.—I do not agree entirely. There have been some clinical cases 
mentioned this morning where patients in extremely critical state, and exhibiting 
so-called thymicolymphatic symptoms, have apparently been restored by x-ray treat- 
ment over the thymic area. No other treatment was of any avail in these cases. 
Part of my efforts this morning have been to admonish against a too unceremonious 
or precipitous burial of the status thymicolymphaticus syndrome. Burial is not a 
sufficient answer to such a vexing and unsatisfactorily explained condition. If it is 
to be locked behind medical doors, it may, like the ghost in Hamlet, appear on most 
inopportune occasions to torment our medical consciences, 

DR. MITCHELL.—There has been an opinion expressed also by Dr. Spohr. that 
there is some type of relationship between the thyroid gland and the thymus. Just 
exactly what that means to the clinician today is not particularly clear, nor does it 
lead to any specific idea of treatment; that is, unless what Dr. Spohn has said sug- 
gests the administration of iodine, which, acting on the thyroid, would have a sec- 
ondary effect on the thymus. 

I think it can be assumed that whatever knowledge we have gained experimentally 
concerning the functions of the thymus is not applicable in clinical medicine today. 

We have agreed that great caution is necessary before stating that the roentgeno- 
gram shows thymus enlargement. Lateral plates are perhaps better than antero- 
posterier ones. There certainly is no relation between the size of the thymus gland 
and sudden death. 

I do not believe that I have any right to attempt any other type of summary of 
the opinions of this panel. 

A. GRAEME MITCHELL, M.D. 


Academy News 


Region I will hold its annual meeting on June 1, 2, 3, 1939, at the Waldorf- 
Astoria Hotel, in New York City. 

Region IV has planned to have its next meeting on April 27, 28, 29, 1939, in 
Oakland, Calif. 

There will be no annual meeting in 1939 of Regions IIT and III. There will be 
a meeting of the regional chairmen and state chairmen of Region II in St. Louis 
in May. 


Extra copies of the pamphlet, The Health Supervision Program Your Child 
Should Have, which was recently sent out by the Academy, may be obtained from the 
seeretary’s office, 636 Church Street, Evanston, Ill. The only charge will be for 
express. 


On April 3, 4, and 5, 1939, graduate courses in pediatrics for physicians were 
held in Detroit by the Michigan members of the Academy. Over thirty practical 
topics were discussed in the three days. The conference closed with a dinner at 
which Dr. Sidney Farber of Boston spoke on ‘‘The Pathology of Sudden Death in 
Infaney.’’ The program was arranged by a committee consisting of Dr. Cooley, 
Dr. Levy, Dr. Martmer, and Dr. Johnston. 


Dr. Harry C. Berger, of Kansas City, died March 5, 1939, of coronary occlusion. 
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News and Notes 


The Society for Pediatric Research will hold its annual meeting on April 26 
and 27, 1939, at Skytop Lodge, Skytop, Pa. 

The American Pediatric Society will hold its 51st annual meeting on April 27, 
28, 29, 1939, at Skytop Lodge, Skytop, Pa. This meeting will follow immediately 
the one of the Society for Pediatric Research. 


Errata 


In the obituary notice of Dr. Lucy Porter Sutton, which appeared on page 275 
of the February issue of the JourNAL, the following correction should be noted: 

‘<Dr. Sutton was an assistant professor of pediatrics in New York University 
College of Medicine for seven or eight years. She was Chief of the Cardiac Clinic 
of the Children’s Medical Service of Bellevue Hospital. Her work in rheumatic 
fever, heart disease, and chorea was noteworthy.’’ 


In the article, ‘‘A Midsummer Respiratory Infection in an Aseptically Conducted 
Adoption Nursery,’’ by L. W. Sauer, M.D., and J. J. MeDonald, which appeared 
in the March issue of the JourRNAL, the following corrections should be noted: 

On page 305, lines 7 and 8, the names ‘‘Curtis’’ and ‘‘Chauncey’’ should be inter- 
changed, making the two lines read as follows: ‘‘ Five, six and seven days after 
Rita’s admission, Chauncey in the same room, Lindley, George, and Curtis in the 
adjoining room, all in.. .’’ 


Books Reviews 


Medicine in Modern Society. Davip RiesMAN, M.D., Princeton, N. J., 1939, Prince- 
ton University Press, pp. 226. Price $2.50. 


In these times when medical writing for the laity consists chiefly of polemic 
novels, medical autobiographies of more or less interesting and unimportant lives 
which offer an outlet to the ego, and that excrescence on medical literature known 
generally as the newspaper ‘‘health column,’’ produced by columnists, some of 
whom have never practiced medicine, the value of which the reviewer feels lies in the 
remuneration to the writer rather than in the information set forth to the public, it 
is @ pleasure to run across a book like this. Dr. Riesman, for many years one of the 
leading physicians and internists in Philadelphia and a teacher at the University of 
Pennsylvania, has produced for the laity a book on medicine and its problems which 
presents briefly the past and, in more detail, the present, and which for the knowledge 
it contains and the breadth of view from which it is written would be hard to 
duplicate. Throughout, one has the vision of a wise and tolerant man who is in love 
with his profession and to whom medicine is an ideal. 

The book is based on a series of lectures known as the Vanuxem Lectures de- 
livered by the author before a lay audience at Princeton University. The theme 
lies in the author’s belief that ‘‘the history of medicine is in reality an epitome 
of the history of civilization and should form a part of every man’s culture.’’ 
After a few brief chapters on the art and science of medicine and medical progress 
through the centuries, certain specific topics are discussed among which are cancer, 
medical education, medical ethies, cults, superstitions and the ‘‘family doctor.’’? In 
a chapter on the social outlook in medicine, present-day problems and conditions 
which are the subject of so much controversy are presented. It is in this chapter 
perhaps that the tolerance and maturity of the author are best seen. The writing 
throughout is clear and simple, as good writing should be. It is a readable book 
that the physician may well recommend to his lay friends who are interested in the 
story of medicine and in its future. 


Biographies of Child Development. AkNoLD GESELL, B. M. CASTNER, HELEN 
THompson, and C. A, AMATRUDA. New York, 1939, Paul B. Hoeber, pp. 328. 


Price $3.75. 


This is one of the most interesting books that has appeared from the Yale Clinic 
of Child Development. In contrast to some of the earlier publications, it has more to 
do with results than methods and for this reason appeals more to the average reader. 
In Part I the report of a series of 30 cases published ten years ago and restudied 
after this interval is given. The development in later childhood in nearly all in- 
stances has justified the implication of the early growth pattern. There is just 
enough discrepancy and failure in the prediction and outcome to impress the reader 
with the view that the early growth pattern does give a distinct clue to the develop- 
ment in later childhood. It is not too perfect to be true. In Part II a number 
of developmental biographies are presented from the standpoint of factors influencing 
the growth pattern. Thus cases of immaturity and premature birth, language and 
reading disabilities, and physical complications are recorded. The value of Dr. 
Gesell’s work and methods will undoubtedly find a permanent place in the study 
of child development. 
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